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PREFACE  TO  THE  FOURTH  EDITION. 


The  rather  long  period  of  six  years  which  has  elapsed  since  the  appear- 
ance of  the  previous  edition  of  this  text-book  finds  its  explanation  in 
the  delay  in  the  issuing  of  the  United  States  Pharmacopoeia,  8th  Revision, 
which  only  appeared  in  the  stimmer  of  1905.  As  our  book  is  primarily 
intended  to  aid  in  the  cause  of  pharmaceutical  and  medical  education, 
it  is  not  merely  proper  but  indispensable  that  the  new  standards  estab- 
lished for  the  professions  of  medicine  and  pharmacy  in  the  United  States 
by  the  Committee  of  Revision  of  the  Pharmacopoeia,  after  careful 
scrutiny  and  deliberation,  be  recognized  and. made  the  basis  of  our 
presentation  of  tins  fundamentally  important  subject  of  chemistry. 

These  six  years,  moreover,  constitute  a  period  of  great  change  in  our 
views  of  chemical  action,  marking  a  real  revolution  in  our  theories  of  the 
constitution  and  properties  of  matter,  the  rise  of  the  new  physical  chem- 
istry, and  the  applications  of  its  methods  of  study  and  deductions  to 
many  of  the  familiar  and  well-known  phenomena  of  chemical  change. 
Synthetical  chemistry  has  also  made  wonderful  advances  in  this  short 
period  of  time,  in  large  degree  because  of  the  application  of  electrical 
agencies,  whether  exerted  in  the  electric  cell  or  to  develop  the  high 
teny}eratures  of  the  electric  fxunace. 

The  authors  have,  therefore,  rewritten  the  book  in  large  part,  so  as  to 
be  free  to  take  cognizance  of  all  that  seemed  of  value  in  this  new  material. 
Part  I.,  on  Elementary  Physics,  and  Part  II.,  on  General  Chemical 
Theory  and  the  Non-Metals,  have  been  entirely  rewritten,  and  in  them 
will  be  found,  it  is  believed,  a  reasonably  full  statement  of  the  present 
accepted  views,  of  the  nature  of  matter  and  energy  in  its  several  forms 
of  action.  The  subject  of  Electricity  and  its  more  important  manifes- 
tations and  applications  are  treated  with  special  fulness  and  detail. 
A  special  chapter  reviewing  the  most  recent  applications  and  results  of 
electrochemistry  in  the  manufacture  of  chemical  products,  both  inorganic 
and  organic,  is  found  at  the  end  of  the  book. 

Part  III.,  on  the  Chemistry  of  the  Metals  and  Metallic  Salts,  has  been 
thoroughly  revised  and  in  part  rewritten,  so  as  to  incorporate  a  descrip- 
tion of  all  compounds  official  under  the  new  Pharmacopoeia,  as  well  as 
others  of  general  or  special  technical  importance. 

Radiimi  and  radio-active  metals  have  been  noted  and  present  views 
of  the  phenomena  characteristic  of  them  given. 
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PREFACE  TO  THE  FOURTH  EDITION. 


The  rather  long  period  of  six  years  which  has  elapsed  since  the  appear- 
ance of  the  previous  edition  of  this  text-book  finds  its  explanation  in 
the  delay  in  the  issuing  of  the  United  States  Pharmacopoeia,  8th  Revision, 
which  only  appeared  in  the  stimmer  of  1905.  As  our  book  is  primarily 
intended  to  aid  in  the  cause  of  pharmaceutical  and  medical  education, 
it  is  not  merely  proper  but  indispensable  that  the  new  standards  estab- 
lished for  the  professions  of  medicine  and  pharmacy  in  the  United  States 
by  the  Committee  of  Revision  of  the  Pharmacopoeia,  after  careful 
scrutiny  and  deliberation,  be  recognized  and  made  the  basis  of  our 
presentation  of  this  fundamentally  important  subject  of  chemistry. 

These  six  years,  moreover,  constitute  a  period  of  great  change  in  our 
views  of  chemical  action,  marking  a  real  revolution  in  our  theories  of  the 
constitution  and  properties  of  matter,  the  rise  of  the  new  physical  chem- 
istry, and  the  applications  of  its  methods  of  study  and  deductions  to 
many  of  the  familiar  and  well-known  phenomena  of  chemical  change. 
Synthetical  chemistry  has  also  made  wonderful  advances  in  this  short 
period  of  time,  in  large  degree  because  of  the  application  of  electrical 
agencies,  whether  (exerted  in  the  electric  cell  or  to  develop  the  high 
tenqperatures  of  the  electric  furnace. 

The  authors  have,  therefore,  rewritten  the  book  in  large  part,  so  as  to 
be  free  to  take  cognizance  of  all  that  seemed  of  value  in  this  new  material. 
Part  I.,  on  Elementary  Physics,  and  Part  II.,  on  General  Chemical 
Theory  and  the  Non-Metals,  have  been  entirely  rewritten,  and  in  them 
will  be  found,  it  is  believed,  a  reasonably  full  statement  of  the  present 
accepted  views^  of  the  nature  of  matter  and  energy  in  its  several  forms 
of  action.  The  subject  of  Electricity  and  its  more  important  manifes- 
tations and  applications  are  treated  with  special  fulness  and  detail. 
A  special  chapter  reviewing  the  most  recent  applications  and  results  of 
electrochemistry  in  the  manufacture  of  chemical  products,  both  inorganic 
and  organic,  is  found  at  the  end  of  the  book. 

Part  III.,  on  the  Chemistry  of  the  Metals  and  Metallic  Salts,  has  been 
thoroughly  revised  and  in  part  rewritten,  so  as  to  incorporate  a  descrip- 
tion of  all  compounds  official  under  the  new  Pharmacopoeia,  as  well  as 
others  of  general  or  special  technical  importance. 

Raditmi  and  radio-active  metals  have  been  noted  and  present  views 
of  the  phenomena  characteristic  of  them  given. 
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As  in  previous  editions,  the  technical  utilizations  of  the  metals  and 
important  metallic  salts  have  been  noted,  and  recent  statistics  of  produc- 
tion added. 

Part  IV.,  on  Organic  Compounds,  has  been  carefully  gone  over,  and  a 
large  nimiber  of  new  synthetic  compoimds  used  in  medicine  and  the 
arts  have  been  incorporated.  Some  changes  in  the  classification  have 
also  been  made,  so  as  to  have  it  represent  thoroughly  the  views  of  the 
best  authorities  on  this  branch  of  the  subject. 

Several  entirely  new  and  valuable  tables  have  been  inserted  in  the 
Appendix,  the  accuracy  of  which  has  been  verified  by  recalculation. 

All  degrees  of  temperature  throughout  the  text  refer  to  the  Centigrade 
scale. 

By  adopting  a  slightly  larger  page  and  thinner  paper,  it  has  been 
found  possible  to  reduce  the  thickness  of  the  volume  without  the  sac- 
rifice of  any  portion  previously  treated  and  to  introduce  much  new 
matter  of  value. 

Hoping  that  the  book  in  its  new  form  will  find  as  favorable  a  reception 
as  past  editions  have  had,  the  authors  again  present  it  to  the  pharmaceuti- 
cal and  medical  professions  and  to  students  of  chemistry  generally. 

Samuel  P.  Sadtler, 
Virgil  Coblentz. 

October,  1906. 


PREFACE   TO  THE  THIRD  EDITION. 


In  the  preparation  of  this  edition  of  Volume  I.  the  authors  have  not 
only  taken  occasion  to  thoroughly  revise  and  bring  the  general  text  up 
to  date,  but  also  to  entirely  rewrite  certain  chapters  and  to  introduce 
new  sections.  Part  I.,  on  Elementary  Physics,  has  been  completely  re- 
written and  enlarged  to  the  extent  of  forty-five  pages  and  over  fifty  new 
illustrations,  special  attention  having  been  given  to  the  subject  of  Elec- 
tricity. Recognizing  the  great  and  growing  importance  of  the  subject  of 
Electrolysis  and  Electro-metallurgy  in  modem  manufacturing  processes, 
the  authors  have  introduced  a  special  chapter,  which  treats  the  subject 
in  as  thorough  a  manner  as  possible.  Chapter  I.,  Part  II.,  embracing 
the  theoretical  introduction  to  general  and  inorganic  chemistry,  has  also 
been  entirely  rewritten,  presenting  an  increase  over  the  old  text  of  twenty 
pages.  The  improvement  aimed  at  was  to  present  the  fundamental 
principles  of  chemical  theory  in  a  manner  which  is  believed  to  be  more 
systematic  and  comprehensive.  The  same  may  be  said  with  regard  to 
the  section  devoted  to  the  Periodic  System,  which  has  also  been  rewritten 
and  enlarged.  A  special  section  has  been  devoted  to  a  theoretical  dis- 
cussion of  the  Halogens  as  a  group.  At  the  time  of  going  to  press,  the 
question  as  to  the  adoption  of  a  system  of  atomic  weights  by  the  Pharma- 
copoeia Revision  Committee  of  1900  was  still  unsettled,  and,  of  the  three 
systems,  the  standard  of  H  =  i  and  O  =  15.88  was  considered  the  best 
one  to  select  under  the  circumstances. 

The  authors  desire  to  acknowledge  the  kindness  of  the  Macmillan 

Company,   publishers  of  Thompson's   "Electricity   and   Magnetism,'* 

and  Messrs.  Ginn  &  Co.,  publishers  of  Dolbear's  "Natural  Philosophy,** 

for  the  use  of  a  number  of  illustrations. 

Samuel  P.  Sadtlbr. 

Virgil  Coblbntz. 
Philadelphia  and  New  York, 
October,  1900. 


PREFACE  TO  THE   FIRST  EDITION. 


An  experience  of  some  seventeen  years  as  teachers  in  a  professional 
school,  where  Chemistry  is  considered  one  of  the  fotmdation-stones  upon 
which  young  men  must  build  a  technical  education,  has  convinced  the 
authors  that  the  subject  must  be  taught  in  a  way  that,  while  thoroughly 
scientific,  is  yet  distinctly  adapted  to  the  ultimate  uses  of  the  students. 

The  professions  of  Pharmacy  and  Medicine  are  closely  related,  and 
their  uses  for  Chemistry  are  very  much  alike.  The  members  of  these 
professions  must  imderstand  the  composition  and  chemical  properties 
and  possibilities  of  the  whole  materia  medica,  both  inorganic  and  organic, 
in  order  safely  to  maintain  the  important  trusts  committed  to  them, — 
trusts  involving  the  continued  health  and  life  of  their  fellow-men.  The 
importance  of  thorough  chemical  knowledge  for  these  related  professions 
is  now  recognized  in  the  fullest  way  in  their  official  publication,  the  U.  S. 
Pharmacopoeia,  the  last  edition  of  which  has  embodied  throughout  the 
most  detailed  and  exact  statements  of  the  chemical  nature,  properties, 
and  reactions  of  medicinal  substances,  together  with  methods  of  analysis 
or  assay  and  tests  for  purity. 

We  have  sought  in  the  following  pages  to  offer  a  text-book  on  Chemistry 
which  should  combine  scientific  accuracy  and  completeness  with  that 
special  reference  to  the  needs  of  the  pharmaceutical  and  medical  student, 
as  well  as  those  in  active  professional  practice,  which  will  make  it  of  value 
for  both  study  and  reference.  Compoimds  recognized  in  the  U.  S.  Phar- 
macopoeia are  specially  indicated,  but  they  are  not  taken  out  of  their 
proper  position  for  such  discussion. 

A  brief  outline  of  Elementary  Physics,  much  of  which  is  absolutely 
essential  for  the  understanding  of  chemical  methods,  forms  Part  I. 
The  convenient  division  of  the  elements  into  Non-Metals  and  Metals  is 
followed  in  the  main  in  Parts  II.  and  III.,  subject  to  the  limitations 
made  necessary  by  the  chemical  relationship  as  indicated  by  the  valence 
groups.  Part  IV.  deals  with  Organic  Chemistry.  While  the  arrange- 
ment here  followed  is  strictly  scientific,  it  has  been  sought  to  give  the 
subject  a  distinctly  practical  bearing,  and  to  this  end  the  industrial  appli- 
cations of  organic  compounds  have  been  noted,  and  in  a  number  of  cases 
illustrated. 

In  Part  V.  a  brief  outline  of  Qualitative  and  Quantitative  Analysis  is 
given,  the  methods  being  such  as  have  proved  of  value  in  our  own  prac- 
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tice.    A  number  of  the  Pharmaceutical  Assays  of  the  U.  S.  Pharmacopoeia 
are  also  added. 

The  Appendix  contains,  besides  a  list  of  the  chemical  elements  with 
atomic  weights  and  valences,  thermometric  scales  and  the  specific  gravity 
tables  in  most  general  use. 

The  authors  have  made  free  use  of  many  chemical  works,  such  as 
Fliickiger's  "Pharmaceutische  Chemie,"  Schmidt's  **  Pharmaceutische 
Chemie,"  Meyer  and  Jacobson's  "Organische  Chemie,"  Bemthsen's 
**Organische  Chemie,"  Weyl's  "Organische  Chemie  fiir  Mediciner," 
Fischer's  "Neuere  Arzneimittel, "  Gamgee's  "Physiological  Chemistry," 
Pictet's  **Alcaloides  V^g^taux,"  Power's  "Essential  Oils,"  Allen's 
"Commercial  Organic  Analysis,"  Prescott's  "Organic  Analysis,"  and 
Sadtler's  "  Industrial  Organic  Chemistry. " 

Our  thanks  are  due  to  J.  C.  Peacock  for  valuable  assistance  in  the  prep- 
aration of  Parts  III.  and  V.,  to  S.  S.  Sadtler  and  H.  Blount  Himter  for 
work  on  the  index,  and  to  Edwin  Thorpe  for  the  execution  of  many  orig- 
inal drawings  for  the  illustration  of  the  work. 

S.  P.  S. 

H.  T. 
Philadelphia,  February,  1895. 
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ELEMENTARY  PHYSICS. 


CHAPTER  I. 

MATTER,  FORCE,  AND    MOTION. 

X.  Introductory. 

Science  treats  of  the  phenomena  associated  with  matter  and  the  laws 
governing  them.    When  applied  to  living  matter  it  is  called  biology. 

Matter  is  that  which  occupies  space  and  is  apprehended  by  the  aid  of 
our  senses.    A  limited  portion  of  matter  is  termed  a  body. 

Physics  embraces  the  study  of  the  phenomena  and  laws  governing 
the  transformations  of  energy.  It  concerns  itself  with  matter  and  its 
changes  of  form»  state,  and  place,  while  still  retaining  its  fixed  composition. 

Changes  in  which  the  identity  of  matter  undergoes  alteration — that  is, 
changes  in  the  molecular  constitution — are  considered  under  Chemistry, 

a.  General  Properties. 

Divisibility  is  that  property  by  virtue  of  which  matter  is  capable 
of  mechanical  subdivision  into  parts.  There  is  no  limit  to  which  sub- 
division may  be  carried,  for  after  reaching  the  apparent  limit,  the  micro- 
scope still  shows  plainly  the  possibility  of  further  subdivision. 

Molecules  and  Atoms, — ^The  smallest  particles  of  matter  which  we  can 
conceive  of  as  obtained  by  this  mechanical  or  physical  subdivision  we 
call  molecules.  How  large  these  molecules  are,  what  their  shape  is,  or 
what  their  absolute  weight  is,  we  do  not  know.  We  merely  know 
that  they  still  show  the  distinctive  properties  of  the  masses  of  matter 
from  which  they  are  derived.  Many  of  these  forms  of  matter, 
although  not  capable  of  resolution  into  anything  different  by  methods 
of  mechanical  subdivision,  are  capable  of  decomposition  into  simpler 
forms  under  the  influence  of  chemical  reagents.  We  asstune,  then,  that 
molectiles  are  made  up  of  still  smaller  particles,  to  which  the  name  atoms 
(page  122)  has  been  given.  These  smallest  particles  of  matter  are  asstmied 
to  be  unalterable. 

Simple  and  Compound  Matter, — The  union  of  like  atoms  gives  us  sim- 
ple or  elementary  matter,  of  which  chemists  have  distinguished  some 
seventy  kinds  (see  page  123).  while  the  union  of  unlike  atoms  yields 
compound  matter,  the  varieties  of  which  are  almost  infinite. 

Conservation  of  Matter, — If,  as  stated,  the  atoms  or  smallest  conceiva- 
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ble  portions  of  matter  are  final,  unalterable  particles,  it  follows  that 
matter  is  indestructible,  whatever  the  influences  to  which  it  may  be 
subjected  and  the  changes  of  form  which  it  may  undergo.  Compound 
matter  may,  indeed,  be  resolved  into  simpler  combinations,  and  ulti- 
mately into  elemental  matter,  under  the  influence  of  chemical  treat- 
ment, but  the  sum  total  of  the  products  so  obtained  must  always  equal 
that  of  the  matter  operated  upon.  Cases  of  apparent  loss  or  destruction 
of  matter  are  all  explained  upon  careful  examination  of  the  reaction  in 
its  several  phases.  Changes  of  outward  form  take  place  under  the  in- 
fluence of  physical  agencies  alone,  so  that  a  solid  or  liquid  may  lose  in 
weight  by  the  escape  of  a  gas  or  vapor,  and  changes  in  the  method  of  com- 
binations of  the  atoms  may  take  place  under  the  influence  of  chemical 
reagents,  but  if  the  products  arc  examined  it  will  be  found  that  no  new 
atom  has  been  created  nor  has  any  been  destroyed.  This  is  sometimes 
called  Lavoisier's  Law  of  the  Indestructibility  of  Matter  (see  page  i  ao) . 

Three  StcUes  of  Matter. — We  recognize  three  states  of  aggregation  in 
matter, — the  solid,  the  liquid,  and  the  gaseous.  In  the  first  of  these  the 
molecules  are  held  firmly  together  by  the  force  of  attraction,  which  is 
greater  than  the  repellent  force  which  tends  to  separate  them,  so  that 
the  mass  of  matter  tends  to  retain  its  shape,  and  the  exertion  of  some 
force  is  necessary  to  overcome  the  adhesion  of  the  molecules  and  change 
the  shape;  in  the  second  the  attractive  and  repellent  forces  are  balanced, 
the  molecules  move  easily  past  one  another,  and  the  liquid  readily  as- 
sumes the  shape  of  the  containing  vessel;  in  the  third  the  repellent  is 
more  powerful  than  the  attractive  force,  the  molecules  constantly  tend 
to  separate  and  occupy  a  greater  space,  and  pressure  is  required  to  over- 
come this  tendency. 

Impenetrability. — As  matter  occupies  space,  any  particular  space  can- 
not be  occupied  by  two  different  bodies  at  the  same  time.  Thus,  if  a 
solid  body,  like  a  bar  of  metal,  be  immersed  in  a  tumbler  previously 
filled  with  water,  it  will  cause  some  water  to  overflow.  The  amount  so 
displaced  will  exactly  equal  the  volume  of  the  solid  immersed-  Numerous 
apparent  exceptions  to  this  rule  exist,  as  when  a  nail  is  driven  into  a 
piece  of  wood,  or  water  is  poured  into  a  tumbler  previously  filled  with 
dry  sand,  or  a  piece  of  dry  wood  is  dipped  into  water.  But  in  all  such 
cases  we  must  take  account  of  another  property  of  matter,  viz.,  porosity. 
In  the  use  of  this  term  we  mean  that  the  molecules  of  a  substance  are 
never  in  actual  contact,  but  are  separated  by  spaces  relatively  large  as 
compared  with  the  size  of  the  molecules  themselves.  These  spaces  arc 
called  pores,  and  their  existence  is  made  evident  when  pressure  is  applied 
and  the  mass  is  diminished  in  bulk.  This  diminution  in  the  space  occu- 
pied under  increase  of  pressure  shows  most  notably  with  gases,  which 
are  therefore  termed  the  most  compressible,  but  occurs  also  in  liquids 
and  solids.  This  is  explainable  only  by  the  assumption  of  the  porosity 
of  matter. 

All  bodies  are  more  or  less  porous.  Those  pores  which  form  actual 
cavities  or  cells,  and  are  visible,  are  called  sensible  pores,  as  seen  in  the 
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structure  of  such  bodies  as  wood,  sponges,  unglazed  brick,  filter-paper, 
etc.  The  invisible  spaces  that  separate  the  molecules  of  substances  are 
called  physical  pores,  A  clear  illustration  of  this  is  had  when  we  mix 
equal  volumes  of  alcohol  and  water.  Instead  of  the  mixture  equalling 
the  sum  of  the  two  liquids,  it  is  only  about  ninety-five  per  cent,  of  the 
combined  volume. 

Metals  contain  physical  pores,  and  although  these  cannot  be  seen  by 
aid  of  the  most  powerful  microscope,  still  they  are  shown  to  be  pores  by 
the  fact  that,  by  means  of  pressure,  liquids  and  gases  can  be  made  to 
pass  through  them. 

As  a  proof  of  and  dependent  upon  the  porosity  of  bodies  is  the  prop- 
erty of  compressibility.  Gases  are  the  most  compressible  of  bodies.  In 
them  the  molecules  are  more  widely  separated  than  in  liquids  or  solids, 
and  are  tending  to  separate  still  more  widely;  but  for  this  very  reason 
they  respond  more  readily  to  the  influence  of  pressure  and  can  be  com- 
pressed into  smaller  space.  As  we  will  see  later,  temperature  as  well  as 
pressure  has  much  to  do  with  this  change  of  volume. 

The  compressibility  of  liquids  is  but  slight;  solids,  on  the  other  hand, 
may  be  very  compressible,  the  change  in  this  case  depending,  however, 
largely  upon  the  existence  of  sensible  pores,  as  in  the  case  of  wood,  cloth, 
paper,  etc.,  which  readily  yield  to  pressure.  Metals  are  also  compressi- 
ble, as  is  shown  in  the  process  of  stamping  coins  with  hardened  dies. 

Elasticity  is  the  property  by  virtue  of  which  bodies  that  have  undergone 
compression  tend  to  resume  their  original  form  or  volume  upon  the 
removal  of  the  compressing  force.  It  generally  goes  hand  in  hand  with 
the  property  of  compressibility;  hence  gases,  which  are  the  most  com- 
pressible of  the  forms  of  matter,  are  also  the  most  elastic.  Liquids  in 
the  degree  that  they  are  compressible  under  pressure  are  also  perfectly 
elastic.  Solids  show  the  property  of  elasticity  in  varying  degrees. 
India-rubber,  ivory,  glass,  and  tempered  steel  are  highly  elastic,  while 
clay  and  putty  have  this  property  only  to  a  very  slight  degree.  The 
elasticity  of  cork  adapts  it  for  use  as  stoppers;  the  elasticity  of  air 
renders  it  a  vehicle  for  the  transmission  of  sound;  also  this  property 
has  been  utilized  in  making  air-beds,  air-cushions,  and  in  propelling 
machinery. 

3.  Volume  and  Mass. 

Volume. — ^As  before  stated,  our  most  elementary  conception  of  matter 
is  that  it  occupies  space.  The  amount  of  space  it  occupies  is  termed  its 
volume.  We  can  conceive  of  its  extension  in  one  direction  only,  which 
we  call  space  of  one  dimension,  or  length;  of  extension  in  two  direc- 
tions, which  we  call  space  of  two  dimensions,  or  area;  of  extension  in 
three  directions,  which  we  call  space  of  three  dimensions,  or  volume. 

Mass  is  the  amount  or  quantity  of  matter  contained  in  a  body.  A 
pound  of  cotton  may  occupy  a  cubic  foot  or  be  compressed  to  a  cubic 
inch;  in  either  case  the  number  of  molecules  is  the  same  and  the  weight 
the  same;  hence  mass  is  independent  of  volume.     Mass  is  determined 
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by  weight;  two  bodies  have  equal  masses  when  placed  on  a  balance 
in  vacuo  and  they  exactly  counterpoise  each  other.  While  the  weight  of 
bodies  varies  according  to  the  action  of  gravity  upon  them  (see  page 
19),  their  mass  is,  on  the  contrary,  invariable. 

Density  is  the  degree  of  closeness  of  the  particles  of  a  body.  If  two 
cubic  inches  of  air  be  compressed  so  as  to  occupy  the  space  of  one  cubic 
inch,  then  its  density  will  be  twice  as  great.  Different  bodies  having 
the  same  volume  contain  different  quantities  of  matter;  for  example, 
a  cubic  inch  of  platinum  contains  21.5  times  as  much  matter  as  a  cubic 
inch  of  water,  the  same  volume  of  lead  11  times,  that  of  iron  7.5  times, 
and  altmiinum  2.6  times.  Since  we  are  unable  to  count  the  number  of 
molecules  in  a  mass,  we  employ  weight  as  a  means  of  determining  this 
density.  The  masses  of  bodies  are  proportional  to  their  weights.  We 
ascertain  the  density  of  solids  by  comparing  the  weight  of  a  given  vol- 
ume to  the  same  voltmie  of  water  taken  as  standard  unit.  In  the  case  of 
gases  we  compare  equal  volume-weights  of  the  respective  gas  and  either 
air  or  hydrogen  as  standard.    For  further  explanation,  see  pages  33,  34. 

4.  Units  of  Measure. 

Unit  of  Time, — The  second  is  iTi(nr  part  of  a  mean  (average)  solar 
day,  the  day  is  the  time  required  for  the  earth  to  ttun  on  its  axis  once, 
the  hour  is  one  twenty-fourth  part  of  this  day,  and  the  minute  the  six- 
tieth part  of  an  hour.  The  second  is  the  time  required  for  a  pendulum 
39.1398  inches  long  to  make  one  oscillation;  sixty  of  such  constitute  a 
minute,  and  86,400  an  average  solar  day. 

Unit  of  Length. — The  scientific  standard  is  the  meter,  which  represents 
the  length  of  the  standard  rod  deposited  with  the  U.  S.  Geodetic  Survey 
in  Washington.* 

The  commercial  standard  English  foot  represents  one  third  of  the 
standard  yard,  which  in  turn  consists  of  36  inches  derived  from  the  length 
of  a  second's  pendulimi  in  London  (39.139  inches). 

Unit  of  Volume. — The  unit  of  volimie  is  the  cubic  decimeter  (cu.  dm. 
or  dm.^)  or  liter  (L.) .    This  contains  1000  cubic  centimeters  (  cc.  or  cm.') . 

The  commercial  tmit  of  volume  is  the  gallon,  which  contains  231 
cubic  inches. 

Unit  of  Mass. — ^The  unit  of  mass  is  represented  by  the  weight  of  one 
cubic  centimeter  of  distilled  water  at  4^  C,  and  is  called  the  gram  (gm.). 

*  The  meter  is  now  universally  accepted  as  a  standard  unit  of  length  from  whlcli 
the  various  other  units  of  mass  and  volume  are  derived.  The  length  of  the  meter. 
which  is  an  arbitrary  standard,  was  adopted  in  France  in  1791,  and  is  represented 
by  the  distance  between  two  lines  near  the  ends  of  a  bar  of  platinum-iridium  alloj 
at  the  temperature  of  zero.  This  unit  represents  the  ten -millionth  part  of  k 
quadrant  ot  the  earth's  meridian,  which  is  the  arc  from  the  equator  to  north  pcde. 

The  meter  is  divided  into  tenths  called  decimeters  (dm.),  hundredths  called  cvt^ 
timeters  (cm.),  and  thousandths  called  miUinteters  {mm.).  The  thousandth  part  of 
a  millimeter  is  called  a  micron  (//).  For  measuring  long  distances,  the  kuomeier 
(1000  meters)  is  used.  The  various  metric  standards  of  length,  volume,  and  maas 
are  all  exact  prototypes  of  the  original  standards  prepared  by  the  International 
Metric  Committee  and  deposited  in  the  International  Bureau  of  Weights  and 
Measures  in  Sevres,  near  Paris. 
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The  mass  of  one  cubic  decimeter  (1000  cc.)  of  water  constitutes  the  kilo- 
gram  (i  kg.).  The  standard  kilogram  was  prepared  by  the  Inter- 
national Metric  Committee  and  deposited  with  the  U.  S.  Geodetic  Sur- 
vey in  Washington. 

The  commercial  unit  is  the  pound  (avoirdupois) ,  which  contains  7000 
grains.  The  standard  is  kept  in  the  Exchequer  office  in  London.  The 
Troy  pound  contains  5760  grains. 

Tables  of  the  metric  system  and  of  English  weights  and  measures  will 
be  found  in  the  Appendix. 

5.  Motion  and  Force. 

If  a  body  retains  its  position  in  space  constant  through  a  period  of 
time,  it  is  in  a  state  of  rest;  if  it  is  changing,  the  body  is  said  to  be  in 
motion.  We  must  remember  that  these  statements  are  not  to  be  taken 
as  absolute.  The  body  is  at  rest  with  reference  to  its  original  position, 
or  in  motion  with  reference  to  the  same,  while  both  the  body  and  the 
original  fixed  point  may  be  in  motion  with  reference  to  some  other 
distant  point.    Motion  and  rest  are  therefore  purely  relative  terms. 

Inertia  is  the  tendency  which  matter  has  to  maintain  its  state  of  rest 
or  uniform  motion.  If  in  a  state  of  rest,  it  remains  so  until  disturbed  by 
some  force  producing  motion.  If  in  motion,  it  will  move  uniformly 
in  a  straight  line  until  some  force  causes  this  movement  to  cease.  A 
rifle  btdlet  would  continue  its  course  indefinitely  in  a  straight  line  were 
it  not  for  the  resistance  of  the  air  and  the  attraction  of  gravity.  It  is 
because  the  earth  is  moving  in  frictionless  space  that  it  continues  to 
rotate  so  regularly  upon  its  axis;  because  of  this  the  length  of  the  day 
has  not  varied  a  second  in  centuries.  Mobility  is  the  property  by  virtue 
of  which  matter  yields  readily  to  the  exertion  of  some  force,  causing  it 
to  change  its  relative  position,  or  inducing  motion. 

The  velocity  of  a  particle  of  matter  is  the  rate  of  its  motion  at  any 
given  time. 

Force  is  that  which  by  acting  upon  matter  either  produces  or  arrests 
motion.  It  is  a  manifestation  of  energy,  and  may  be  originated  in  a 
variety  of  ways.  Thus,  we  speak  of  chemical  forces,  which  are  mani- 
festations of  atomic  energy;  of  molecular  forces,  which  result  from 
molectdar  energy;  and  cosmic  forces,  which  illustrate  the  energy  of 
large  masses. 

Work  is  energy  applied  in  overcoming  resistance,  as  when  one  lifts 
gome  article  from  the  ground,  where  the  attraction  of  gravitation  is  to 
be  overcome,  or  when  an  engine  pulls  a  load,  overcoming  the  resistance 
due  to  inertia  and  friction. 

The  unit  of  work  is  the  energy  expended  in  raising  a  unit  of  weight 
through  a  unit  of  height.  As  we  have  already  seen,  the  units  of  weight 
and  measure  differ  in  the  English  and  the  French  systems,  hence  differ- 
ent units  must  be  taken  according  as  one  or  the  other  system  is  used. 
The  foot-pound,  or  the  work  done  in  raising  one  pound  avoirdupois  one 
Hboi,  is  the  English  unit,  and  the  kilogram-meter,  or  the  energy  expended 
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in  raising  one  kilogram  one  meter,  is  the  French  unit.  If  a  person  weigh- 
ing loo  pounds  mounts  a  ladder  of  20  feet,  he  has  done  2000  foot-pounds 
of  work.  For  estimating  power  a  larger  unit  is  taken, — namely,  the  horse- 
power. This  is  equivalent  to  the  strength  of  an  average  horse,  or 
the  power  sufficient  to  raise  33,000  pounds  vertically  one  foot  in  one 
minute.  The  capacity  of  steam  engines  is  generally  rated  in  this 
manner;  thus,  an  engine  is  said  to  be  10  horse-power  if  it  is  capable 
of  performing  work  equivalent  to  raising  33,000  pounds  10  feet  in  one 
minute,  or  330,000  pounds  one  foot  in  a  minute.  H.  P.  =  weight  in 
pounds  X  distance  (or  height)  in  feet  per  minute  -4-  by  33,000.  For 
example,  if  two  horses  pull  a  car  weighing  200  pounds  at  the  rate  of 
300  feet  a  minute  they  will  exert   1.81+ horse-power. 

Energy  is  capacity  for  doing  work.  It  is  possessed  by  matter  because 
of  its  mass  and  velocity,  and  its  exercise  involves  motion  of  some  kind. 
Thus,  we  have  the  energy  of  the  visible  motion  of  the  mass  and  the  energy 
of  the  invisible  motion  of  the  molecules,  which  is  known  to  us  tmder  the 
forms  of  heat,  sound,  radiant  energy  or  light,  and  electricity. 

Energy  may  be  potential  or  kinetic  (actual).  A  weight  held  up  by 
the  hana,  or  by  a  support,  has  the  power,  because  of  its  position,  to 
fall,  and  thus  do  work,  if  the  support  be  withdrawn.  This  is  potential 
energy,  or  energy  of  position.  Numerous  applications  of  this  suggest 
themselves,  as  the  case  of  a  wound-up  spring,  or  an  elevated  tank  or 
reservoir  of  water.  The  same  weight  descending  in  consequence  of  the 
withdrawal  of  the  support,  the  spring  uncoiling,  and  the  water  acting 
upon  a  turbine  wheel,  all  represent  kinetic  energy,  or  the  energy  of  motion. 

Exact  measurements  have  shown  us  in  the  cases  of  the  weight,  spring, 
etc.,  that  the  kinetic  energy  developed  exactly  equals  the  potential  energy 
that  may  have  been  stored  up,  and  no  loss  or  gain  is  found  when  all  the 
elements  have  been  carefully  calculated.  This  principle  may,  however, 
be  extended  not  only  to  all  cases  of  visible  energy  of  motion,  but  to 
energy  wherever  and  however  manifested.  As  matter  is  indestructible, 
and  can  be  neither  created  nor  destroyed  by  the  changes  to  which  it  is 
subjected,  so  energy  is  indestructible,  and  cannot  be  created  or  destroyed. 
Energy  of  one  form  may  be  changed  into  energy  of  another  form,  but 
there  is  no  absolute  gain  or  loss  in  amount.  This  law  is  known  as  the 
conservation  of  energy. 

,  This  change  of  one  form  of  energy  into  another  without  loss  of  actual 
amount  is  one  of  the  most  important  facts  in  nature,  and  one  most  familiar 
to  us.  If  we  rub  our  fingers  briskly  over  a  surface  of  cloth  or  wood,  we  feel  a 
sensation  of  warmth.  The  visible  motion  of  the  hand  due  to  muscular 
energy,  is  transformed  into  that  form  of  molecular  energy  known  as  heat. 
In  the  steam  engine  we  convert  the  potential  energy  of  the  coal,  by  com- 
bustion, into  actual  heat  energy,  and  in  turn  impart  visible  energy  of 
motion  to  the  piston  and  connected  parts  of  machinery.  This  motion,  by 
the  aid  of  a  dynamo  machine,  may  be  converted  into  electrical  energy,  and 
this  in  turn  into  either  heat  or  light  energy.  This  illustrates  what  is 
termed  the  conservation  and  correlation  of  forces ,  or,  more  exactly ,  of  energy. 
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6.  Forms  of  Attraction. 

Gravitation  is  the  force  by  virtue  of  which  the  particles  of  matter 
are  attracted  towards  one  another.  The  strength  of  the  attraction  be- 
tween .the  particles  varies  with  the  mass  of  each  particle,  and  is  inversely 
as  the  square  of  their  distance  apart.  That  is,  if  one  body  contains 
twice  as  much  mass  as  the  other,  its  power  of  attraction  is  twice  as  great 
as  the  other.  In  the  second  case,  when  the  distance  between  the  two 
masses  is  doubled,  their  attraction  is  reduced  one-fourth ;  if  the  distance 
be  trebled,  their  mutual  pull  upon  each  other  will  be  only  one-ninth. 
The  earth  exerts  this  force  of  attraction  upon  all  bodies  near  it,  drawing 
them  towards  its  centre.  When  this  force  is  unresisted,  motion  results 
and  the  body  falls;  when  resisted,  pressure  which  we  call  weight  is  pro- 
duced. This  attraction  is  general  throughout  the  universe,  and  serves 
to  retain  the  planets  in  their  orbits.  The  earth  pulls  upon  every  parti- 
cle of  the  bodies  upon  its  surface,  and  by  reason  of  its  superior  mass 
tends  to  draw  them  towards  the  centre.  This  force  is  exerted  along  a 
straight  line,  which,  therefore,  marks  the  shortest  path  towards  the 
earth's  centre,  and  is  called  a  plumb-line.  The  weight  of  a  body  is  pro- 
portional to  its  mass,  because  the  attraction  of  the  earth  acts  upon  each 
particle  which  goes  to  make  the  mass.  Such  attraction  varies  with  the 
distance  from  the  surface  of  the  earth;  at  the  centre  weight  ceases, 
because  the  mass  is  equally  attracted  on  all  sides.  If  a  body  weighs 
one  kilogram  on  the  earth's  surface  (4000  miles  from  its  centre),  at  a 
height  of  4000  miles  it  would  weigh  250  grams,  or  one-fourth  as  much, 
in  accordance  with  the  law  that  the  attraction  varies  inversely  as  the 
square  of  the  distance. 

Weight  is  the  measure  of  the  attraction  exerted  by  the  earth  upon  a 
given  mass. 

The  unit  of  weight  is  the  same  as  the  unit  of  mass, — one  pound  avoir- 
dupois in  the  English  system,  and  one  kilogram  (or  one  gram)  in  the 
metric  system. 

TMiAj^^ffffi?  qj  grnstity  nf  a  body  is  the  Centre  of  weight  or  attraction. 
It  is  that  point  in  a  body  at  which,  if  supported,  the  whole  mass  ^11 
remain  at  rest  in  any  position  in  which  it  may  be  placed.  In  a  sphere  of 
tmiform  density  this  centre  of  gravity  will  exactly  accord  with  the  centre 
of  the  mass;  in  a  cube  it  will  be  at  the  intersection  of  the  diagonals; 
in  a  rod  or  bar,  such  as  is  used  for  the  beam  of  a  balance,  it  is  at  the 
centre  of  its  axis.  In  irregular-shaped  bodies  this  centre  of  gravity 
may  be  found  by  attaching  a  string  at  one  point  and  allowing  the  body 
to  hang  suspended  by  this  string;  the  line  formed  by  the  string  is  then 
projected  through  the  object.  This  operation  is  repeated,  supporting 
the  mass  from  other  points,  and  the  point  of  intersection  of  these  lines 
is  the  centre  of  gravity. 

g^lYfTr^'f/ftt — ^When  a  body  is  supported  and  yet  free  to  swing  before 
coming  to  rest,  it  will  be  in  equilibrium  when  the  centre  of  gravity  is  in 
the  same  vertical  line  ciS  the  point  of  support.  But  to  insure  stability 
the  centre  of  gravity  must  also  be  under  the  point  of  support  and  not 
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above  it.  According  to  the  relative  position  of  these  two  points  we  have 
the  three  conditions  of  eqmlibrium, — stable,  unstable,  and  neutral.  A 
suspended  body  is  in  stable  equilibrium,  therefore,  when  the  centre  of 
gravity  is  below  the  point  of  support,  in  neutral  eqmlibrium  when  they 
coincide,  and  in  unstable  equilibrium  when  the  centre  of  gravity  is  above 
the  point  of  support. 

Fig.  I. 


Fig.  I ,  consisting  of  a  circle  or  wheel,  illustrates  the  three  condi- 
tions respectively.  A  is  in  stable  equilibrium  when  supported  at  the  point 
X,  the  centre  of  gravity  (centre  of  circle)  being  directly  below  the  point 
of  support ;  S  is  in  unstable  equilibrium  when  supported  at  x,  the  centre 
of  gravity  being  above  the  point  of  support ;  C  is  in  neutral  equilibrium 
when  supported  at  the  centre  of  gravity,  the  circle  remaining  in  neutral 
equilibrium  whenever  it  is  moved. 

The  chemical  balance  is  an  important  application  of  the  foregoing 
principles.  This  consists  of  a  beam  supported  in  the  centre  by  a  trian- 
gular-shaped steel  or  agate  knife  edge  so  as  to  oscillate  with  the  slightest 
amount  of  friction.  To  the  ends  of  the  beam  are  attached  supports  for 
the  pans,  on  which  the  weights  and  articles  to  be  weighed  are  placed. 
The  centre  of  gravity  of  the  combined  mass  of  all  parts  of  the  apparatus 
must  be  directly  below  the  middle  knife  edge.  By  means  of  a  screw 
adjustment  the  centre  of  gravity  of  the  beam  can  be  raised  or  low- 
ered slightly,  which  thereby  increases  or  decreases  the  sensitiveness 
accordingly.  The  conditions  for  delicate  working  of  a  balance  are  as 
follows: 

First,  the  two  arms  of  the  beam — that  is,  its  length  from  the  point  of 
support  (fulcrum)  to  either  of  the  edges  of  support  of  the  beam — should 
be  of  equal  length  and  weight. 

Second,  the  weight  of  the  beam  should  be  as  small  as  is  allowable,  while 
preserving  rigidity. 

Third,  the  centre  of  gravity  of  the  beam  should  be  as  near  as  possible 
to  the  point  of  support  and  beneath  it. 

Fourth,  when  the  pans  are  empty  the  pointer  should  indicate  the  «ero 
of  the  scale. 

The  arms  of  the  balance  should  be  relatively  long;  length  increases 
delicacy. 

A  balance  is  said  to  be  delicate  when  a  very  small  difference  between 
the  weights  in  the  pans  causes  a  perceptible  deflection  of  the  pointer. 
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The  weight  of  a  substance  in  air,  as  usually  stated,  is  its  apparent 
weight.  When  weight  is  to  be  determined  with  great  accuracy,  the  oper- 
ation is  carried  out  in  vacuo,  in  order  to  avoid  the  buoyant  effect  ojE  the 
atmosphere  (see  Baroscope,  page  42).  This  is  known  as  absolt^ 
weight. 

Molecular  Attraction  and  Repulsion. — ^Just  as  the  masses  of  matter, 
whether  large  or  small,  are  influenced  by  the  power  of  gravitation,  so 
the  molecules  which  make  up  the  mass  are  held  together  with  greater 
or  less  firmness  by  the  force  of  molecular  attraction.  The  intensity  of 
this  force  determines  also  the  physical  state  of  the  matter  concerned. 
In  solids  the  power  of  molecular  attraction  is  most  strongly  exerted,  in 
Uquids  it  is  weaker,  and  in  gases  it  seems  to  be  overcome  by  a  force  of 
reptdsion  which  tends  to  separate  the  molecules. 

We  distinguish  in  ordinary  usage  between  the  terms  cohesion,  where 
molectdes  of  like  composition  are  held  together,  as  the  particles  of  iron 
in  a  bar  of  that  metal,  and  adhesion,  where  bodies  of  unlike  composition 
are  held  together,  as  when  a  glass  rod  is  dipped  into  water,  the  force  of 
adhesion  causes  the  liquid  to  adhere  to  the  solid. 

Chemical  Attraction. — The  attraction  between  atoms  which  causes 
them  to  unite  in  the  formation  of  molecules  is  otherwise  known  as  chem- 
ical affinity,  and  will  be  referred  to  later  (see  page  121). 

7.  Kinds  of  Molecular  Attraction. 

Motion  may  be  translatory  (straight  or  rectilinear),  oscillatory, 
rotary,  centrifugal,  and  centripetal. 

Translatory  Motion  is  that  described  by  a  body  in  moving  from 
one  place  to  another  in  a  free  path.  If  in  a  straight  line,  the  motion  is 
rectilinear;  if  in  a  curved  line,  it  is  called  curvilinear  motion.  The 
best  example  of  absolute  rectilinear  motion  is  that  offered  by  falling 
bodies  responding  to  the  force  of  gravitation. 

Laws  of  Falling  Bodies. — When  bodies  starting  from  a  state  of  rest  are 
allowed  to  fall  without  resistance  (in  vacuo),  they  comply  with  three  laws: 

I.  All  bodies  fall  equally  fast. 

Since  bodies  fall  in  consequence  of  the  earth's  attraction  upon  each  of 
their  particles,  it  would  follow  that  all  bodies,  regardless  of  size,  wotdd 
fall  equally  fast.  The  fact  that  a  piece  of  metal  falls  more  rapidly  than 
a  feather  is  solely  due  to  the  unequal  resistance  offered  by  the  air.  This 
is  especially  manifest  with  the  feather,  which  is  usually  driven  from  its 
rectilinear  course.  If  we  remove  this  resistance  by  placing  the  bodies 
in  a  tube  which  has  been  exhausted  of  air,  they  will  then  fall  equally 
fast.  Therefore  the  velocity  of  falling  bodies  can  be  correctly  meas- 
ured only  in  a  vacuum. 

3.  The  distances  traversed  are  proportional  to  the  squares  of  the 
times  occupied  in  falling. 

The  space  which  a  body  falling  in  vacuo  traverses  is  about  16.  i  feet 
at  the  end  of  the  first  second. 
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To  ascertain  the  space  traversed  by  a  falling  body  during  any  given 
number  of  seconds,  we  multiply  the  space  traversed  during  the  first 
second  (16.1  feet)  by  the  square  of  the  number  of  seconds.  Thus,  if  a 
body  falls  three  seconds,  it  will  have  traversed  9  X  16.1  feet,  or  144.9 
feet. 

-  If  the  body  pass  through  one  space  dtuing  the  first  second,  then  in  conseouence 
of  its  acquired  (increasing)  velocity  it  would  pass  through  two  such  spaces  auring 
the  second  second,  whicn,  in  addition  to  tne  action  of  gravity. that  carries  it 
through  one  space,  makes  a  total  of  three  spaces.  For  the  third  second,  the  body 
will  have  attained  a  velocity  that  carries  it  through  four  spaces,  which  with  one 
space  for  the  action  of  gravity,  makes  a  total  of  five  spaces  traversed.  The  spaces 
further  traversed  will  bej,  5,  7,  9,  11,  etc.,  respectively. 

3.  The  velocities  acquired  during  the  fall  are  proportional  to  the 
times  occupied  in  falling. 

If  a  body  falls  from  a  state  of  rest  it  will  constantly  gain  in  velocity, 
and  this  will,  at  the  end  of  the  first  second,  be  at  the  rate  of  about  33.3 
feet  per  second.  This  factor  is  known  as  the  acceleration  of  gravity. 
The  velocity  at  the  end  of  the  third  second  will  be  3  X  32.2,  or  96.6 
feet;  its  average  velocity  for  any  given  time  will  be  one-half  its  final 
velocity. 

Fig.  a. 


Reflected  motion. 

^omentum, — The  momentum  of  a  moving  body  is  the  product  of  its 
weight  (mass)  and  its  velocity.  The  momentum  of  a  50-pound  cannon- 
ball  moving  at  the  rate  of  500  feet  per  second  would  be  50  X  Soo  = 
25,000.  The  gain  in  momentum  by  a  falling  body  weighing,  for  example. 
150  potmds,  wotdd  be  as  follows: 

Time  of  Fall.  Distance  Travened.  Velocity.  Momentnm. 

First  second 16. i  feet.'  32.2  feet.  41830. 

Second  second 64.4     *'  64.4    *'  9,600. 

Third  second 144. 9     *'  966    "  i4i490- 

Reflected  Motion, — When  an  elastic  body  is  thrown  against  a  hard» 
smooth  surface,  reaction  causes  it  to  reboun^i  if  it  strikes  the  surface 
perpendicularly,  it  rebounds  back  over  the  same  path;  if  it  strikes 
obliquely  {the  line  of  incidence,  a  b,  Fig.  2),  It  will  be  reflected  back 
{line  of  reflection,   b  c)  in   an   opposite  direction.    The  angle   (a   b 
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d)  described  between  the  line  of  incidence  and  the  perpendicular  to 
the  surface  is  called  the  angle  of  incidence,  and  the  angle  (d  b  c) 
described  between  the  line  of  reflection  and  the  perpendicular  is  the 
angle  of  reflection.  The  law  is,  the  angle  of  reflection  is  equal  to  the 
angle  of  incidence.  This  law  is  apphcable  to  the  reflection  of  sound  and 
light. 

Oscillatory  Motion. — While  translatory  motion  is  continuous  in 
direction,  oscillatory  (vibratory)  is  alternate,  such  as  is  observed  in  the 
motions  of  a  swinging  pendultim,  the  movement  of  the  balance-wheel 
of  a  watch,  or  of  a  sounding  tuning-fork. 

The  Pendulum, — A  pendulum  is  a  weight  (bob)  suspended  from  a 
horizontal  axis.  If  a  leaden  ball  be  suspended  by  a  fine  thread  of  about 
3 J  feet  in  length,  it  will  nearly  beat  seconds  of  time  in  its  oscillations.  If, 
while  beating,  the  thread  be  caught  half-way  between  the  point  of  sus- 
pension and  weight,  the  oscillations  will  be  more  rapid,  this  increasing 
as  we  shorten  the  length  of  the  thread,  so  that  the  shorter  the  pendulum 
the  more  rapid  is  its  oscillation.  Upon  restoring  this  pendulum  to  motion 
again  with  full  length  of  string,  and  noting  the  time  required  to  make 
an  oscillation,  we  will  find  that  so  long  as  the  amplitude  of  oscillation 
(that  is,  the  length  of  the  arc  through  which  it  beats)  does  not  exceed 
5®,  the  time  of  beat  is  invariably  the  same  (isochronal).  If  the  pendu- 
lum bob  be  drawn  aside  from  its  state  of  equilibrium,  the  force  of  gravity 
tends  to  draw  it  back,  and,  upon  releasing,  it  falls  to  its  lowest  position; 
however,  in  consequence  of  its  inertia  and  acquired  velocity,  it  does 
not  stop,  but  moves  on  in  the  opposite  direction,  forming  an  arc  of  a  cir- 
cle. By  virtue  of  its  new  position  the  weight  possesses  potential  energy, 
and  again  swings  back  over  the  same  course. 

We  have  learned  that  the  degree  of  attraction  of  the  earth  varies  in 
different  latitudes,  and  that  this  same  attractive  force  is  the  cause  of  the 
oscillation  of  the  pendulum;  hence  the  length  of  a  pendulum  beating 
seconds  of  time  must  vary  in  different  latitudes, — that  is,  a  seconds 
ptadtdtun  in  New  York  must  be  lengthened  as  we  proceed  towards  the 
poles,  and  shortened  as  the  equator  is  approached.  If  the  earth  were  a 
true  sphere  a  given  body  would  be  equally  attracted  anywhere  upon  its 
surtace,  but  owing  to  its  flattened  condition  at  the  poles  (the  polar 
diameter  being  about  43  kilometers  less  than  the  equatorial  diameter), 
these  polar  regions  are  nearer  to  the  centre  of  gravity  than  the  equa- 
torial, hence  attraction  at  the  equator  is  somewhat  less  than  at  the 
poles.  Also,  in  consequence  of  the  earth's  rapid  rotation,  a  certain 
portion  of  this  force  of  attraction  is  employed  in  retaining  the  body 
upon  its  surface;  otherwise  it  would  be  deflected  off  in  consequence 
of  centrifugal  motion.  The  combined  effect  of  these  two  causes — flat- 
tening at  the  poles  and  centrifugal  force — lessens  the  attraction  of 
gravitation  at  the  equator  to  the  extent  of  about  tJ^  part  of  its  value 
at  the  poles. 

The  length  of  the  setends  pendtdum  being  known,  the  acceleration 
of  gravity  can  readily  be  calculated;  the  relationship  may  be  seen  in 
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the  following  table.     The  acceleration  of  gravity  ^  length  of  the  seconds 
pendulum  X  the  square  of  3.14159. 


Ulitude. 

<-.!Sfit». 

of  Gravliy. 

Cape  of  Good  Hope  30"  55'  S. 

39.0780  in. 

33.1404  ft. 

9.8019 

3»-iS04  " 

Hanunerfest 70°  40' N. 

39-1948  ■■ 

i'-'i^  " 

9.8.58 

Compensating  Pendulum. — Owing  to  the  eSect  of  heat  and  cold  in 
causing  metals  to  expand  or  contract,  a  compensating  arrangement 
must  be  provided  for  in  the  pendulums  of  accurate  time-keepers;  other- 
wise, owing  to  their  expansion  or  contraction,  they  will  require  constant 
readjustment.*  This  may  be  provided  for  by 
using  two  different  metals  attached  in  such  a 
way  that  the  downward  expansion  of  one  will 
be  exactly  counteracted  by  the  upward  expansion 
of  the  other,  thus  keeping  the  length  of  the  pen- 
dulum always  the  same.  Another  form  consists 
in  employing  a  tall  jar  of  mercury  supported  in 
a  stirrup  as  the  pendulum  bob.  As  the  pendu- 
lum rod  expands  and  lowers  the  centre  of  oscil- 
lation, the  mercury  by  its  upward  expansion  in 
the  jar  raises  it,  and  the  equilibrium  is  main- 
tained. 

Qentripugai,  and  Centripetal  Forces  (Mo- 
tions).—  Centrifueal  force  is  simply  a  manifes- 
tation of  inertia,  and  signifies  flying  from  a  centre 
of  motion.  If  a  weight  attached  to  a  string  be 
whirled  about  the  band  it  has  a  continual  ten- 
dency to  fly  off  in  a  straight  line.  This  tendency 
is  also  seen  in  mud  flying  off  from  a  rapidly 
revolving  carriage- wheel.  So  great  is  this  centrif- 
ugal force  that  not  infrequently  grindstones  and 
fly-wheels,  when  their  rate  of  revolution  is  very 
rapid,  are  torn  asunder  and  the  parts  thrown 
'  about  with  destructive  violence.  Owing  to  this 
force,  in  the  construction  of  the  sharp  curves  in 
a  circus,  race-course,  or  railroad,  the  outside 
than  the  inside,  so  that  the  moving  object  is 
inclined  inward.  In  consequence  of  this  the  weight  and  centrifugal  force 
are  perpendicular  to  the  path. 

Centripetal  force  is  that  which  resists  centrifugal,  and  means  moving 
towards  the  centre  of  motion.  The  attraction  of  gravity  which  draws 
all  bodies  towards  the  earth's  centre  is  an  example  of  centripetal  force; 
this  prevents  the  centrifugal  force,  resulting  from  the  earth's  rapid 


Cenlrifu([t. 

track  is  raised  higher 
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rotation,  from  ejecting  bodies  into  space.  As  already  stated, 
centrifugal  force  causes  a  lessening  (j^)  in  the  attraction  of  gravity 
(weight)  at  the  equator;  for  here  this  force  is  greatest,  and  as  we  ap- 
proach either  of  the  poles  it  grows  feebler.  The  flattening  of  the  earth 
at  the  poles  is  the  effect  of  centrifugal  motion.  It  is  the  attraction  or 
centripetal  force  of  the  sun  that  retains  the  earth  in  its  orbit. 

If  a  sponge  full  of  water  be  attached  to  a  string  and  rapidly  whirled 
about,  centrifugal  action  throws  off  the  water,  leaving  it  almost  dry. 
This  principle  is  practically  applied  in  the  centrifuge,  which  commonly 
consists  of  a  dnun-like  receptacle  perforated  around  the  sides  and  with  a 
solid  bottom,  which  revolves  on  an  axis.  This  centrifuge  revolves  inside  a 
stationary  dnun,  somewhat  larger,  which  serves  to  collect  and  drain  off 
the  fluid  ejected.  Into  this  centrifuge  is  placed  the  material  to  be 
dried,  and  then  it  is  caused  to  revolve  at  the  rate  of  from  1200  to  2500 
revolutions  a  minute.  All  fluids  are  thereby  forcibly  ejected.  In  this 
manner  the  adhering  wash-water  may  be  removed  in  the  preparation  of 
absorbent  cotton,  the  uncrystallizable  molasses  from  sugar,  and  the 
mother  liquor  from  crystallized  chemicals.  This  same  principle  is  em- 
ployed in  the  centrifugal  clothes-wringer.  Precipitation  in  fluids,  whether 
for  the  collection  of  precipitates  or  bacteria,  may  be  greatly  facilitated 
by  placing  them  in  test-tubes  and  rotating  rapidly  in  a  centrifuge  of  the 
form  shown  in  Fig.  3,  on  the  preceding  page. 


CHAPTER  II. 

SPECIAL  PROPERTIES  OP  MATTER. 

(A)  Special  Properties  op  Solids. 

It  is  obvious  from  the  definition  of  solids  as  contrasted  with  liquids 
and  gases  (see  page  14)  that  they  must  have  properties  which  are  distinct- 
ive, and  are  not  shared  in  any  notable  degree  by  the  other  forms  of  matter. 

Hardness  is  the  resistance  to  wearing  by  friction,  such  as  scratching 
or  rubbing,  shown  by  a  solid.  It  is  possessed  in  the  highest  degree  by 
the  diamond,  which  is,  therefore,  capable  of  scratching  any  other  solid.* 
Hard  bodies  are  often  used  as  pohshing  powders,  as  diamond  dust,  emery, 
ptmiice,  and  tripoli.  Great  hardness  may  be  imparted  to  steel  and  other 
bodies  by  a  process  called  tempering,  that  is,  cooling  them  suddenly 
from  a  high  temperature.  Under  these  circimistances,  however,  they 
usually  become  more  brittle. 

Brittleness  is  inability  to  withstand  compression  or  a  blow,  and  indi- 
Ss^want  of  tenacity  or  cohesive  power  between  the  particles  of  the 
solid.    It  may  accompany  great  hardness,  as  in  the  diamond  and  glass. 

Tenacity  is  the  resistance  to  a  tearing  or  pulling  strain  exerted  upon 
solids.  It  may  vary  in  different  directions  in  the  same  body,  as  in  the 
case  of  wood,  where  it  is  greater  in  the  direction  of  the  fibres  than  trans- 
versely to  them.  Tenacity  varies  with  different  substances  and  also 
with  the  form  of  the  body.  The  mass  being  the  same,  the  hollow  cylin- 
der possesses  a  greater  tenacity  than  a  sohd  one.  A  strand  of  wires  is 
stronger  than  a  solid  rod  of  the  same  section.  Among  all  metals  cast 
steel  has  the  greatest  tenacity,  followed  in  order  by  platinum,  copper, 
silver,  and  lead. 

DucHUiy^  is  the  capability  of  being  drawn  out  into  wires  or  threads, 
and  is  possessed  especially  by  certain  metals,  like  gold,  platinimi,  iron, 
and  copper.  Glass  and  waxes  when  hot  can  also  be  drawn  out  into  fine 
threads.    The  most  ductile  metal  is  platinum. 

Malleability  is  the  property  by  virtue  of  which  bodies  are  flattened 
into  thin  sheets  or  films  under  the  influence  of  hammering  or  rolhng.  It 
is  possessed  especially  by  metals,  such  as  gold  and  copper.  Lead  and  tin, 
while  very  malleable,  possess  very  little  ductihty. 


*  The  hardness  of  a  body  is  expressed  by  referring  it  to  a  scale  of  hardness ;  that 
usiially  adopted  is : 

1.  Talc.  5.   Apatite.  8.   Topaz. 

2.  Rock-salt.  6.   Felspar.  9.    Corundum. 

3.  Calc-spar.  7.    Quartz.  10.    Diamond. 

4.  Fluor-spar. 
26 
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^lasH^it^ — Matter  is  said  to  be  elastic  if  after  a  temporary  alteration 
of  shape  or  voltime  the  displaced  particles  tend  to  revert  to  their  original 
position.  This  is  shared  by  solids,  liqmds,  and  gases,  although  in  unequal 
degrees.  Elasticity  of  traction,  or  that  developed  by  a  stretching  force, 
elasticity  of  torsion,  or  that  developed  by  a  twisting  force,  and  elasticity  of 
flexure,  or  that  developed  by  a  bending  force  or  weight,  are  other  phases 
of  elasticity  belonging  to  solids.  Elasticity  of  torsion  is  represented  in  the 
torsion  balance,  which  measures  weight  by  balancing  against  the  twist- 
ing force  of  a  wire.  The  elasticity  of  flexure  is  applied  in  the  steel  spring 
coil,  the  carriage  spring,  also  the  spring  spiral  balance.  This  latter  con- 
sits  of  a  coiled  spring  fixed  at  its  upper  end,  which  from  its  elongation 
indicates  the  weight  of  a  body  placed  in  a  scale-pan  suspended  from 
the  lower  end  of  the  spring. 

Structure  of  Solids. — ^A  solid  is  distinguished  from  a  liquid  or  gas  by 
possessing  definite  shape  independent  of  the  containing  vessel.  When 
we  examine  more  closely  the  structure  of  solids,  we  observe  notable 
differences.  Certain  substances,  for  instance,  on  passing  from  the 
liquid  to  the  soUd  condition,  assume  characteristic  shapes,  as  alum, 
nitre,  sugar,  ice,  etc.,  while  others  become  solid  without  asstmiing  distinc- 
tive shapes,  as  fats,  waxes,  and  flocculent  and  gelatinous  precipitates.  The 
former  are  called  crystalline  bodies  and  the  latter  amorphous.  Again,  crys- 
talline bodies  have  differences  of  structure,  due  to  cleavage,  as  in  mica, 
rock-salt,  etc.,  or  to  confused  crystallization,  as  in  granular  minerals 
like  marble,  emery,  etc.  The  several  systems  under  which  all  crystalline 
bodies  may  be  classified  will  be  referred  to  later  (see  page  61). 

(B)  Special  Properties  op  Liquids. 

I.  Attraction  and  Repulsion  in  Liquids. 

Capillary  Phenomena. — We  have  already  referred  to  the  adhesion 
of  liqtdds  to  solids  in  speaking  of  the  moistening  of  a  rod  of  glass  with 
water,  as  illustrative  of  the  force  of  adhesion  (see  page  21).  Not  all  liquids 
show  this  attraction.  Some  even  show  a  repulsion  of  the  solid,  as  when 
a  glass  rod  is  dipped  into  mercury.  Instead  of  a  curving  upward  of  the 
surface  of  the  liquid  on  all  sides  of  the  glass  rod,  as  with  water,  a  de- 
pression of  the  surface  occurs  immediately  around  the  rod,  showing 
that  reptdsion  exists  between  the  mercury  and  the  glass.  The  water 
is  drawn  upward  around  the  rod  because  its  adhesion  to  the  glass  dis- 
tinctly exceeds  the  cohesion  of  the  liquid ;  the  mercury  adheres  to  glass 
much  less  strongly  than  it  coheres,  and  hence  it  curves  away  from  the 
rod.  These  attractions  and  repulsions  have  an  interesting  illustration 
in  the  phenomena  known  as  capillarity,  observed  whea  tubes  of  rela- 
tively fine  diameter  are  dipped  into  liquids.  If  a  glass  tube  be  dipped 
into  a  liquid  which  wets  it  (or  adheres) ,  as  in  the  case  of  water,  the  liquid 
will  rise  in  the  tube  to  a  higher  level  than  the  surrounding  surface,  and 
the  height  is  the  greater  the  smaller  the  diameter.  If,  on  the  other  hand, 
the  tube  be  dipped  into  a  liquid  which  does  not  wet  it  (or  adhere),  as  in 

/ 
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the  case  of  mercury,  the  liquid  will  be  depressed  in  the  tube  below  the 
surrounding  surface,  and  the  smaller  the  diameter  of  the  tube  the  greater 
the  depression.  These  phenomena  with  rods  and  tubes  are  illustrated  in 
Pig.  4.  Many  natural  phenomena,  such  as  the  rise  of  moisture  in  rootleti 
and  steins  of  plants,  the  rise  of  oil  in  a  lamp-wick,  the  absorption  of 
water  by  filter.paper  or  sponges,  are  to  be  considered  as  illustrations  of 
the  principle  of  capillarity. 

Diffusion  of  Liquids. — Closely  connected  with  capillary  phenomena 
are  those  of  diffusion.  If  two  liquids  of  different  densities,  but  capaUe 
of  admixture,  be  placed  one  above  the  other  in  the  same  vessel,  they 
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will  begin  to  mix  or  diffuse  throu^  each  other,  even  if  the  upper  liquid 
be  of  less  density  than  the  lower.  This  will  also  take  place  though  they 
'  be  separated  by  porous  partitions  of  various  materials.  But  it  is  found 
that  the  rate  of  diffusion  differs  greatly  for  different  substances.  Many 
solids  when  in  solution  will  diffuse  rapidly,  while  others  will  diffuse 
with  great  slowness.  The  former  class  will  be  found  to  include  most 
crystallizable  solids,  like  salt,  sugar,  magnesium  sulphate,  etc.,  while 
the  latter  class  includes  uncrystallizable  or  amorphous  substances,  like 
starch,  gums,  gelatin,  or  glue.  To  the  forma-  class  the  term  crystalloids 
has  been  given,  and  to  the  latter  term  colloids  (from  the  Greek  word 
for  glue) . 

Graham  founded  upon  this  property  of  unequal  diffusibility  the 
process  of  dialysis.  A  sheet  of  bladder  or  parchment  paper  is  stretched 
tightly  over  the  lower  end  of  an  open  cylinder  or  inverted  glass  funr 
nel.  The  mixture  of  liquids  to  be  separated  by  dialysis  is  poured 
in  above,  and  the  dialyser  supported  with  the  lower  end  immersed  in 
pure  water  contained  in  a  larger  outer  vessel.  The  crystalloid  sub- 
stances will  diffuse  through  the  membrane,  and  be  found  in  solution 
in  the  outer  vessel,  while  the  colloids  will  remain  in  the  inner  vesael,  or 
dialyser. 

3.  Pressure  of  Liquids. 

Liquids  are  but  slightly  compressible,  and  with  the  removal  ot  the 
force  causing  pressure  recover  immediately  their  original  volume.    Fr- 
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this  reason  and  because  of  the  ease  with  which  their  molecules  are  free 
to  move,  they  readily  transmit  pressure  throughout  their  entire  mass. 
This  pressure  is  transmitted  throughout  the  liquid  equally  in  all  direc- 
tions, whether  it  is  that  in  which  the  force  is  applied  or  at  an  angle  to  it. 
This  is  illustrated  in  the  case  of  the  sprinkling  nozzle  of  a  garden  hose, 
or  similar  apparatus,  where  the  water  is  seen  to  issue  with  equal  force 
from  all  the  apertures.  Of  course,  if  the  pressure  in  the  one  case  is  ex- 
erted over  a  larger  area  of  surface  than  in  the  other,  a  different  total 
force  is  felt  in  consequence.  Here  we  must  multiply  the  intensity  of  the 
pressure  per  unit  of  surface  by  the  area  of  surface  to  get  the  total  force 


exerted.  Hence  a  pressure  of  hv%  pounds  per  square  inch  exerted  over 
a  surface  of  sixteen  square  inches  would  be  felt  as  a  pressure  of  eighty 
pounds  upon  that  surface. 

An  important  application  of  this  principle  of  transmission  of  pressure, 
and  exertion  of  the  same  over  a  larger  surface  than  that  where  it  was 
applied,  is  found  in  the  hydraulic  press.  This,  as  shown  in  Fig.  5,  con- 
sists of  a  small  force-pump,  in  which  works  a  solid  piston,  p.  When 
this  piston  is  depressed  by  means  of  a  lever  the  valve  o  in  the  bottom 
of  the  cylinder  is  closed  and  the  water  is  forced  over  through  the  con- 
necting tube,  K,  into  the  larger  cylinder,  B.  Here  the  pressure  of  the 
water  upon  the  piston  is  exerted  over  an  area  perhaps  a  hundred  times 
greater  than  that  of  the  piston  of  the  small  pump,  and  hence  the  pressure 
is  multiplied  a  hundred-fold.  It  must  be  remembered,  however,  that  in 
our  definition  of  energy  and  statement  of  the  law  of  the  conservation 
of  enei^y  (see  page  1 8)  we  said  that  energy  could  not  be  created  any  more 
than  it  could  be  destroyed.  So  in  the  hydraulic  press,  the  energy  de- 
veloped in  the  larger  cylinder  is  only  seemingly  greater  than  that  exerted 
in  the  smaller  cylinder.  Though  the  pressure  on  the  larger  piston  is 
one  hundred  times  that  applied  to  the  smaller  piston,  the  former  moves 
through  xio  of  a  foot  while  the  latter  moves  through  one  foot.  The  hy- 
t^raulic  press  is  of  great  value  in  compressing  cotton,  hay,  and  other 
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loose  but  bulky  material,  and  in  lifting  heavy  weights  or  moving  ma- 
chinery, also  for  the  removal  of  oil  from  seeds. 

Vertical  Downward  Pressure. — Id  considering  the  pressure  exerted 
throughout  the  body  of  a  liquid  we  have  so  far  disregarded  the  weight 
of  the  liquid  itself.  It  is  obvious  that  the  weight  of  the  upper  layers 
of  the  liquid  bears  upon  the  layers  immediately  under  them,  and  that  the 
bottom  layer  therefore  supports  considerable  weight.  But  because  oi 
the  perfect  mobility  of  the  liquid  molecules  and  the  equal  transmissioo 
of  pressure  in  all  directions,  this  pressure  will  be  felt  equally  in  all  parts 
of  the  same  horizontal  layer,  on  the  sides  of  the  containing  vessel,  at 
well  as  upward  and  downward  from  that  level.     The  pressure  exerted 


by  a  liquid  upon  the  horizontal  bottom  of  a  vessel  is  entirely  independent 
of  its  shape,  and  is  equal  to  the  weight  of  a  vertical  column  of  the  Uquid, 
whose  diameter  is  equal  to  that  of  the  horizontal  bottom  and  height  that 
of  the  liquid  in  the  vessel. 

A  small  body  of  water  may  exert  as  great  a  pressure  upon  the  bottom 
of  the  containing  vessel  as  a  much  larger  body  of  water,  if  the  height  of 
the  liquid  is  the  same  in  the  two  cases.  This  is  true,  although  the  two 
bodies  of  liquid  may  weigh  differently  because  of  the  difference  in 
amount.  This  may  be  illustrated  (Fig.  6)  by  means  of  a  wide  U-shaped 
tube,  to  the  upper  right  arm  of  which  can  be  fitted  tubes  of  variom 
sizes  and  shapes.  The  lower  tube  is  filled  with  mercury  until  it  reaches 
a  point  indicated  near  the  top  of  the  left  extremity.  If  a  tube  of  any 
given  diameter  is  attached  to  the  right  arm  and  filled  to  a  certain  height 
with  water  (indicated  by  a  movable  needle),  the  weight  of  this  will 
force  the  mercury  column  up  a  certain  distance.  If  this  tube  of 
water  is  substituted  by  others,  the  bottom  diameter  and  height  of 
tht  column  Jfeing  the  same,  the  pressure  exerted  will  be  iden- 
tical, irrespe^ve  of  the  shape  of  the  vessel  and  the  quantity  of  water 
it  may  hold. 
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Upward  Pressure,  Buoyancy. — That  the  pressure  in  any  horizontal 
layer  of  a  liquid  is  exerted  equally  upward  as  well  as  downward  or  later- 
ally is  an  important  fact,  and  is  capable  of  a  simple  demonstration. 
If  we  take  a  glass  cylinder,  open  at  both  ends  (an  Argand  lamp  chimney 
with  one  end  grotmd  perfectly  flat  will  do),  and,  closing  one  end  with 
an  accurately  fitting  glass  or  metal  plate,  lower  it  into  a  vessel  filled 
with  water,  we  find  that  the  plate  is  held  in  position  by  the  upward 
pressure.  Water  may  then  be  poured  into  the  glass  cylinder  until  the  level 
inside  nearly  or  quite  equals  the  level  outside,  when,  the  upward  pressure 
having  been  coinpensated  for,  the  plate  will  drop  off,  because  of  its 
weight. 

Lateral  Pressure, — This  is  the  pressure  exerted  upon  the  sides  of  the 
containing  vessel,  and  is  equal  to  the  weight  of  a  column  of  liquid  which 
has  a  given  portion  or  the  entire  side  for  its  base,  and  whose  height  is 
the  vertical  distance  from  the  centre  of  gravity  of  that  portion  to  the 
surface  of  the  liquid.  In  view  of  this,  it  is  better  to  construct  tanks 
for  water  with  a  considerable  area  of  bottom  and  moderate  height,  so  as 
to  relieve  the  sides  of  the  great  pressure. 

Equilibrium  of  Liquids. — As  every  molecule  in  the  body  of  a  liquid  is 
free  to  move,  it  is  obvious  that  the  force  of  gravity  will  act  upon  all 
parts  of  the  liquid  equally,  and  the  liquid  will  come  to  rest  only  when 
each  part  of  the  Uquid  is  in  a  position  of  stable  equilibriimi.  This  is 
attained  when  the  surface  of  the  liquid  asstunes  a  position  at  right  angles 
to  the  perpendicular  or  line  in  which  the  force  of  gravity  is  felt.  We  call 
the  position  so  assumed  a  horizontal  Unei  khd  the  surface  of  a  liquid  free 
to  respond  to  this  fbrce  therefore  will  always  be  horizontal,  no  matter 
what  the  shape  of  the  containing  vessel.  The  level  in  several  communi- 
cating vessels  will  also  speedily  become  the  same,  as  equality  of  pressure 
soon  establishes  itself  throughout  the  entire  body  of  liquid,  and  the 
several  surfaces  come  to  rest  in  the  same  horizontal  plane. 

Just  as  the  plumb-line  is  a  practical  device  for  quickly  and  easily, 
determining  the  perpendicular  line,  so  we  have  in  the  spirit-level  a  ready 
means  of  determining  whether  a  surface  is  perfectly  horizontal.  It  con- 
sists of  a  glass  tube  nearly  filled  with  alcohol,  a  bubble  of  air  only  re- 
maining. When  this  tube  is  mounted  in  a  wooden  or  metal  case,  and 
the  latter  placed  upon  a  horizontal  surface,  the  air-bubble  shows  exactly 
in  the  middle  of  the  upper  surface  of  the  tube,  upon  which  a  scale  is 
marked.  If  the  surface  upon  which  the  level  is  placed  is  not  perfectly 
horizontal,  the  bubble  moves  towards  one  end  or  the  other  of  the  scale 
instead  of  remaining  in  the  midHIe. 

3.  Pressure  upon  Bodies  Immersed  in  Liquids. 

If  a  body  be  immersed  in  a  liquid,  every  particle  of  its  surface  will  be 
exposed  to  a  pressure.  As  the  lateral  pressures  act  from  all  sides,  they 
are  equal  and  hence  neutralize  each  other.  The  upward  pressure  against 
the  under  surface  (c,  d,  Fig.  7),  which  is  equal  to  the  weight  of  the  Hquid 
column  (c,  d,  e,  f)  from  the  surface  to  the  bottom  of  the  bodf^  exceeds  that 
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of  the  downward  pressure,  exerted  upon  the  upper  end  of  the  body, 
which  is  equal  to  the  weight  of  the  coltunn  (a,fc,^,  /)  from  the  surface  of  the 

liquid.  Hence  the  solid  will  be  pushed  upward  by  a 
pressure  equal  to  the  excess  of  the  former  weight 
over  the  latter,  which  is  equivalent  to  the  weight  of 
a  column  of  the  liquid  occupying  the  same  voltune 
as  the  submerged  body  (a,  6,c,  d).  This  excess  of 
upward  pressure  i^moyancy),  reduces  the  weight  of 
the  immersed  body  in  amount  equal  to  the  weight 
of  the  same  voltmie  of  water  displaced.  Expressed 
in  the  principle  of  Archimedes:  a  body  immersed  in 
a  liquid  loses  a  part  of  its  weight  equal  to  the 
weight  of  the  displaced  liquid. 

This  statement  may  be  demonstrated  by  the  hydrostatic  balance,  as  shown  in 
Pig.  S.  The  solid  brass  cylinder  a  fits  exactly  in  the  brass  cup  b.  The  two  an 
hooked  together,  suspended  from  the  one  pan  of  a  balance,  and  counterbalanced 
exactly  by  weights  placed  in  the  other  pan.  A  glass  globe,  or  other  vesaeU  is 
now  placea  in  position  arotmd  the  brass  cylinder,  and  water  poured  in  gradually. 
The  buoyant  effect  of  the  water  causes  the  cylinder  a  to  rise,  so  that  the  two  pons 
of  the  balance  no  longer  show  equilibrium.  If,  however,  water  is  poured  into  the 
brass  cup  b,  the  cylinder  sinks,  and  when  the  cup  has  been  filled,  it  will  be  found 
that  the  cylinder  is  just  immersed,  and  that  tne  two  sides  of  the  balance  are 
exactly  in  equilibrium.  Obviously  the  brass  cylinder  lost  a  portion  of  its  weight 
exactly  equal  to  the  weight  of  an  equal  volume  of  water. 

This  so-called  principle  of  Archimedes  gives  us  a  convenient  means 
of  determining  the  voltmie  of  any  solid  which  is  not  soluble  in  water. 
By  weighing  the  solid  first  in  air  pic  8. 

and  then  when  immersed  in  water, 
we  arrive  at  the  weight  of  the 
equal  volume  of  water  displaced, 
and,  as  the  relations  of  weight  and 
voltune  of  water  are  known  (i 
cubic  centimeter  of  water  at  4*^  C. 
weighing  i  gram),  we  get  the 
volume  of  the  body  which  dis- 
placed the  water. 

Its  most  important  application, 
however,  is  in  determining  the  rela- 
tive weight  of  different  solids  and 
liquids,  or,  as  it  is  termed,  their  spe- 
cific gravity  or  density .  The  density 
or  specific  gravity  of  a  body  repre- 
sents the  relative  degree  of  closeness 

of  the  particles  which  make  up  its  Hydrostatic  balance. 

mass  (see  page  16).  In  order  to  ascertain  this,  comparison  is  made  be- 
tween the  weight  of  a  given  volume  of  the  body  and  an  equal  volume  of 
some  standard.  For  solids  and  fluids,  distilled  water  (at  either  4**,  i  s .  5**,  or 
25**  C.)  is  selected;  for  gases,  hydrogen  or  pure  air,  their  density  being 
calculated  to  o**  C.  and  760  mm.  We  say  the  specific  gravity  of  iron  is 


SPECIAL   PROPERTIES  OF   LIQUIDS.  33 

7.5;  this  means  that  it  is  7.5  times  denser  than  water.  The  density  of 
ether  is  0.725, — that  is,  where  a  certain  volume  of  water  weighs  1000 
grams,  the  same  volume  of  ether  would  weigh  725  grams;  it  is, 
therefore,  lighter  than  water. 

Owing  to  the  difficulties  attending  the  taking  of  specific  gravity  at  4^  (water 
being  i.ooo  at  this  temperature),  the  operation  is  usually  carriea  out  either  at 
IS®  or  25**,  comparing  the  weight  of  the  substance,  to  that  of  the  same  volume  of 
water,  at  either  of  these  temperatures.    In  such  cases  the  results  are  indicated  by  the 

figures  — -  or    — .     If  it  is  desired  to  compare  (calculate)  the  gravity  to  that  of 

water  at  4®  (indicated  by  figures  -— -  or  — — ),  the  results  are  multiplied  by  the  specific 

4  4 

gravity  of  water  (see  foot-note  page  55)  at  15®  (0.99915)  or  25®  (0.99714). 

Specific  Gravity  of  Solids. — Weigh  the  body  in  air,  then  weigh  again 
when  immersed  in  water,  and  the  weight  in  air  divided  by  the  loss  of 
weight  when  weighed  in  water  will  give  the  specific  gravity. 

In  carrying  out  the  specific  gravity  determinations  of  solids  practi- 
cally we  have  several  methods  to  choose  from.  We  may  use  the  specific 
gravity  balance,  in  which  case  the  solid  is  suspended  from  one  arm  of 
the  balance  by  a  hair  or  silken  filament,  and  weighed  first  in  air  and 
then  immersed  in  a  small  cup  of  water  supported  independently  of  the 
balance-pan  and  not  touching  it.  Or,  for  powdered  solids,  the  specific 
gravity  flask  may  conveniently  be  used.  This  is  a  small  glass-stoppered 
bottle,  the  weight  of  which,  both  empty  and  filled  with  distilled  water, 
at  the  standard  temperature  has  been  determined.  For  greater  ac- 
curacy the  ground-glass  stopper  is  perforated,  so  that  in  fitting  it  to  the 
bottle  any  excess  of  water  may  be  forced  out  and  wiped  off  with  a  piece 
of  soft  paper.  In  making  a  determination,  the  bottle  is  carefully  dried, 
and,  the  powder  having  been  placed  in  it,  is  weighed.  This  gives  the 
weight  of  the  solid  in  air.  The  bottle  is  then  filled  up  with  water,  the 
excess  being  wiped  from  the  top  of  the  stopper  and  weighed.  The 
weight  found  is  that  of  the  powder,  the  bottle,  and  the  original  volume 
of  water  minus  what  has  been  displaced  by  the  powder,  which,  of 
course,  gives  us  the  weight  needed  for  the  specific  gravity  calculation. 
In  this  determination  by  the  aid  of  the  specific  gravity  bottle,  the  water 
must  be  boiled  previously,  to  expel   the  air. 

In  the  case  of  solids  soluble  in  water,  some  other  liquid,  like  naphtha 
or  oil  of  turpentine,  the  specific  gravity  of  which  is  already  known,  may 
be  used.  The  solid  is  weighed  in  air  and  then  immersed  in  the  liquid 
chosen  and  the  weight  again  taken.  We  are  thus  able  to  determine  its 
specific  gravity. with  reference  to  the  liquid  chosen.  If  the  known  spe- 
cific gravity  of  this  liquid  based  upon  water  be  then  multiplied  by  the 
specific  gravity  found,  we  will  have  the  true  specific  gravity  of  the  solid 
based  upon  water. 

Specific  Gravity  of  Liquids. — The  specific  gravity  or  density  of  liquids 
is  usually  ascertained  by  means  of  the  specific-gravity  bottle.  The 
exact  weight  capacity  of  these  in  distilled  water  is  indicated  on  the 
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outside.  This  is  usually  an  even  quantity,  as  loo,  50,  25,  or  10  grains. 
All  that  is  necessary,  then,  is  to  fill  the  bottle  up  to  the  indicated  mark 
with  the  liquid  to  be  examined,  (at  15.5**  or  25**  C.)  and  divide  this  by 
the  weight  capacity  of  the  bottle.  Thus,  a  bottle  which  holds,  when 
filled,  exactly  100  grams  of  distilled  water  (at  25**  C),  will,  when  filled 
with  glycerine  at  the  same  temperature,  weigh  124.6  grams;  with 
alcohol,  80.9  grams;  hence  their  specific  gravities  would  be 

124.6  ,       ,  80.0 

=  1.246  and  — -  =  0.800. 

100  100 

In  practice,  specific  gravity  is  more  conveniently,  though  less  accu- 
rately, determined  by  the  aid  of  what  are  termed  hydrometers.  These  are 
long  glass  tubes  with  two  bulbs  blown  at  one  end.  The  lower  (smaller) 
bulb  is  weighted  with  mercury  or  shot  to  cause  the  tube  to  float  upright, 
the  upper  (larger)  bulb  is  to  impart  buoyancy.  On  the  stem  is  marked  a 
scale  of  degrees  or  equal  parts.  It  is  obvious  that  if  one  of  these  hydro- 
meters sink  to  a  certain  depth  of  water,  it  will  sink  still  deeper  in  a  liquid 
lighter  than  water,  or  float  higher  in  one  heavier  than  water.  If  then  the 
point  to  which  it  sinks  in  water  be  marked  i  of  the  scale,  the  distance 
above  this  would  be  marked  in  decimal  fractions  less  than  i ,  while  the  dis- 
tance below  would  be  marked  in  fractions  greater  than  i .  In  order  to 
mark  slight  differences  more  accurately,  a  number  of  hydrometers  are  tised 
in  a  set,  of  which  several  are  weighted  and  graduated  for  liquids  lighter 
than  water  and  several  for  liquids  heavier  than  water.  Arbitrary  scales 
are  also  in  use  for  hydrometers,  such  as  that  of  Baum^  for  liquids  heavier 
than  water,  and  also  lighter,  also  those  of  Tralles,  Twaddell,  Gay-Lussac, 
Beck,  etc.  Special  forms  for  particular  liquids  are  also  used,  as  alco- 
holmeters,  salimeters,  saccharometers,  lactometers,  etc. 

Density  of  Gases. — The  density  of  a  gas  or  vapor*  is  the  amount  of 
matter  contained  in  the  unit  of  volume,  or  it  is  the  number  which 
expresses  how  many  times  heavier  or  lighter  it  is  than  an  equal  volume 
of  hydrogen  or  air  (specific  gravity)  at  the  same  temperature  (o®)   and 


*  Vapors  are  aeriform  bodies  which  can  readily  be  made  to  assume  the  liquid 
state  by  a  moderate  reduction  of  temperature  or  by  means  of  slight  pressure.  As 
examples  we  have  ammonia,  the  gaseous  halogen  acids,  sulphur  trioxide,  nitrogen 
tri-  or  tetra -oxide. 

Relative  Density  op  Gases. 

Air  as  1  Hydrogen  as  i. 

^"^  ^^  '  Oxygen  as  15.88. 

Air     .      .  ' 1. 000  14-37 

Oxygen 1.104  15.88 

Nitrogen 0.969  i3-93 

Hydrogen 0.069  ^00 

Carbon  dioxide 1518  21.83 

Carbon  monoxide 0.966  13  89 

Marsh  gas 0.553  7-95 

Chlorine 2.446  3Si8 

Sulphur  dioxide 2.217  3'-79 

Ammonia 0.588  8.46 
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pressure    (760   mm.)     Density    may    be    calculated    by    dividing    its 
molecular  weight  by  that  of  the  standard.     Thus  thp  density  of  carbon 

dioxide  (H  =:  i)  would  be  — '• —  =:  21.835,  since, 


Mol.  wt.  of  H.         Mol.  wt.  of  COj.         Density  of  H.         Density  of  CO^^ 
2  4367  :  :  I  :  X 

X  =  21.835. 

If  the  density  is  compared  to  air  =  i ,  we  divide  the  molecular  weight  of 

the  given  gas  by  28.753  (calculated  mol.  wt.  of  air).    In  the  case  of  car- 

43.67 
bon  dioxide    -— --m:  1.5 18.     The  density  of  air  corresponds  to  its 

28.765 

molecular  weight  (28.753),  for, 

Wt.  of  I  L.  H.         Wt.  of  I  L.  air.         Mol.  wt.  of  H.         Mol.  wt.  of  air. 
0.08995  12932  2  :  X 

*  =  28.753. 

The  density  of  a  gas  may  also  be  ascertained  by  dividing  the  weight  of 
I  liter  of  it  by  the  weight  of   i   liter  of  the  gas  (hydrogen  or  oxygen) 

selected  as  unit.     Oxygen  is    —  — -  -   =:  15.89  times  and  air  is  — ' 

0.08995  0.08995 

=   14-374+    times  heavier  than   hydrogen,  and  oxygen  is  =: 


1.105+  times  heavier  than  air. 


1.293 


(C)     General  Properties  of  Gases. 

I.  Attraction   and  Repulsion   in   Gases. 

Physical  Properties. — As  already  stated,  a  gas  is  an  aerial  medium  in 
which  the  repellent  forces  are  superior  to  the  cohesive  among  its  mole- 
cules; hence  gases  tend  to  expand  and  diffuse  unless  confined.  They 
are  therefore  distinguished  from  liquids  by  this  tendency  of  indefinite 
expansion.  The  molecules  of  gases  are  in  a  constant  state  of  activity, 
flying  about  in  every  conceivable  direction,  constantly  colliding  with 
one  another  with  enormous  velocities.  As  a  result,  gases  exert  a  pressure 
(tension*)  equal  in  all  directions,  which  increases  with  the  decrease  of 
their  confined  space. 

Since  heat  acts  as  a  repellent  force  amonj^  molecules,  the  volume  of 
gases  will  necessarily  be  subject  to  temperature  changes,  -that  is 
expanding  or  contracting  regularly  with  an  increase  or  decrease  of  tem- 


♦  The  term  tension  as  employed  here  means  **  elastic  force  "  or  *'  pressure.'* 
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perature  (see  Law  of  Charles,  page  56).  Likewise,  the  volume  of  a  gas 
readily  responds  to  an  increase  or  decrease  of  pressure.  This  expansive 
force  of  gaseous  bodies  may  be  illustrated  by  placing  a  small  rubber 
balloon  partially  distended  with  air  or  gas,  but  securely  closed  to  pre- 
vent the  escape  of  gas,  under  the  receiver  of  an  air-pump.  Upon  ex- 
hausting the  air  from  within  the  receiver,  the  balloon  immedately 
distends  and  swells  to  several  times  its  original  bulk.  This  is,  of  course, 
due  to  the  expansion  of  the  gas  under  diminished  pressure,  for  when 
the  air  is  admitted  again  to  the  receiver  of  the  pump  the  balloon  con- 
tracts to  its  original  dimensions. 

The  law  governing  this  change  of  volume  under  variations  in  pressure 
is  known  as  Boyle-Mariotte's  law,  and  is  thus  expressed:  The  temperature 
remaining  the  same,  the  volume  of  a  given  quantity  of  a  gas  is  inversely  as 
the  pressure  it  bears,  also  its  density  and  tension  {elastic  force)*, — that  is 
the  less  the  pressure  the  greater  the  volume,  and  the  greater  the  pressure 
the  less  the  volume.  Thus,  if  the  pressure  on  a  confined  voliune  of  a 
gas  be  doubled,  its  volume  will  be  reduced  one-half,  and,  as  a  consequence 
of  this,  the  density  (degree  of  closeness  of  its  molecules)  and  tension 
(elastic  force)  of  the  gas  will  be  doubled.  In  other  words,  the  greater 
the  tension  the  greater  is  the  elastic  force  and  the  smaller  the  volume 
of  the  gas.  It  should  be  noted,  however,  that  there  are  limits  to  this  con- 
traction in  volume  under  the  influence  of  pressure.  Every  gas,  when 
sufficiently  cooled,  will  at  some  definite  pressure  assume  a  liquid  con- 
dition. No  amount  of  pressure  at  any  point  above  this  temperature 
will  cause  liquefaction.  This  temperature  of  liquefaction  is  called  the 
critical  temperature.  The  pressure  exerted  by  a  gas  at  the  critical 
temperature  (at  which  it  would  condense  at  once  if  the  temperature 
were  lowered)  is  known  as  the  critical  pressure.^ 


*  Hence  the  volume  {v)  of  a  mass  of  gas  multiplied  by  the  pressure  upon  it  (p) 
is  equal  to  the  new  volume  (V)  of  the  same  mass  of  gas  multiplied  by  the  new 
pressure  (P). 

V  X   P    -  V  X    />  or    V        -^. 

If  100  cc.  of  a  gas  under  a  pressure  of  720  mm.  be  subjected  to  an  increased 
pressure  of  780  mm.,  what  will  be  its  new  volume? 

,r   _.    100  X  720    _ 

V  — 92-3  1     cc. 

780 

Compare  with  Law  of  Charles,  page  56. 

t  Critical  Temperatures  and  Pressures. 


Sulphur  dioxide 
Ammonia    . 
Carbon  dioxide 
Oxygen . 
Nitrogen     . 
Hydrogen  . 


Critical  Temperature 

155-4^ 

C. 

130. o*» 

C. 

30.92OC. 

— iig.oo^ 

^C. 

— 146.00° 

C. 

— 235.00° 

•c. 

Critical  Pressure. 

78.9  atmospheres 
115.0 
77.0 
510 

35.0 
20.0 
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Owing  to  the  great  variations  in  volume  produced  by  temperature 
and  pressure,  all  calculations  and  comparisons  are  reduced  to  a  standard 
temperature  of  o*^  C.  and  pressure  of  760  millimeters  (page  56) . 

Diffusion  of  Gases, — All  gases  expand  indefinitely,  distributing  them- 
selves throughout  the  space  of  the  containing  vessel  irrespective  of  the 
presence  of  other  gases,  provided  there  is  no  chemical  reaction  between 
them.  This  process  of  distribution  is  called  diffusion.  If,  for  example, 
two  cylinders  are  placed  one  above  the  other,  mouth  to  mouth,  the  upper 
one  containing  hydrogen,  and  the  lower  one  carbon  dioxide,  although 
the  latter  is  22  times  heavier  than  the  hydrogen,  the  two  will,  after  a 
time,  become  uniformly  distributed  throughout  the  two  cylinders. 
To  this  property  of  gases  we  owe  the  uniformity  of  the  mixture  of  oxygen 
and  nitrogen  as  present  everywhere  in  our  atmosphere.  If  two  gases 
be  separated  by  a  porous  diaphragm  such  as  parchment,  rubber,  un- 
glazed  porcelain,  they  will  diffuse  through,  the  lighter  gas  passing  more 
rapidly  than  the  heavier. 

The  rapidity  of  diffusion  of  two  gases  of  different  densities  is  inversely 
as  the  square  root  of  the  densities  of  tlie  gases.  Thus,  as  hydrogen  is  about 
14.5  times  lighter  than  air,  it  will  diffuse  nearly  four  times  faster  than 
air. 

Collection  of  Gases  and  Vapors. — Gases  and  vapors  are  collected,  ac- 
cording to  their  density,  either  over  fluids  or  by  displacement,  (i)  Col- 
lection over  fluids:  a  jar  or  tube  is  filled  with  water  and  then  inverted  in 
a  trough  of  water,  keeping  its  mouth  just  below  the  surface.  The  gas, 
escaping  from  a  generator,  is  allowied  to  bubble  upward,  displacing  the 
water.  Such  relative  light  gases  as  hydrogen,  oxygen,  nitrogen,  marsh 
gas,  and  carbon  monoxide  are  thus  collected.  Soluble  vapors,  as  those  of 
ammonia  and  hydrochloric  acid,  may  either  be  collected  over  mercury 
or  by  (2)  Displacement:  this  consists  either  in  introducing  the  gas  by  a 
tube  into  the  bottom  of  the  jar,  the  entering  gas  displacing  the  air, 
when  it  is  called  downward  displacement,  or  in  passing  the  gas  up  to  the 
top  of  an  inverted  jar,  when  it  is  called  upward  displacement.  The 
height  to  which  the  vessel  is  filled  may  be  judged  in  some  cases  by 
the  color  of  the  gas  (as  chlorine  and  nitrogen  trioxide),  in  others  by 
means  of  chemical  tests,  as  the  extinguishing  of  a  lighted  taper  (as 
carbon  dioxide,  sulphur  dioxide,  ammonia).  Carbon  dioxide  is  so  heavy 
that  it  can  readily  be  poured  from  one  vessel  into  another. 

Absorption  of  Gases  by  Liquids  and  Solids, — The  solubility  of  gases  in 
water*  conforms  to  the  following  laws: 

I .  The  quantity  of  gas  absorbed  decreases  with  the  rise  of  temperature,-^ 
that  is,  as  the  temperature  is  lowered  the  amount  of  gas  absorbed  in- 


♦At  the  temperature  of  o**  C.  and  pressure  of  760  millimeters,  one  volume  of 
water  dissolves  of 

Nitrogen 0.020  vol.  Sulphur  dioxide  .     .         79  80  vol. 

Oxygen 0.041    *'  Ammonia  gas.     .     .    1150.00    ** 

Carbonic  oxide     .     .     .    1.800    "  Hydrochloric  acid  gas    505.00    *' 
Sulphuretted  hydrogen  4.37      " 
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creases.  For  example,  i  volume  of  water  dissolves  i  volume  of  carbon 
dioxide  at  14°  C;  at  o*^  C.  it  takes  up  1.8  volumes,  i  voltune  of  water 
dissolves  730  volumes  of  ammonia  at  15*^  C.  and  11 50  volumes  at  o*^  C. 
On  raising  the  temperature  of  such  solutions  the  excess  of  gas  passes  off. 

2.  The  quantity  of  gas  dissolved  increases  or  decreases  wiih  the  pressure 
(the  temperature  remaining  the  same).  Thus,  at  the  temperature  of 
14*^  C,  I  volume  of  water  absorbs  i  volume  of  carbon  dioxide  under  the 
pressure  of  i  atmosphere;  under  2  atmospheres,  2  volumes  of  the  gas; 
under  3  atmospheres,  3  volumes.  A  solution  of  5  voltunes,  under  5 
atmospheres,  is  called  "soda  water."  On  removing  this  pressure  the 
excess  of  gas  escapes. 

3.  The  quantity  of  a  gas  which  a  liquid  can  dissolve  is  independent  of 
the  nature  and  quantity  of  other  gases  which  it  already  holds  in  solution. 
Thus,  when  air — a  mixture  of  i  part  of  oxygen  and  4  parts  of  nitrogen — 
is  dissolved  in  water,  the  gases  are  absorbed  in  the  same  proportion 
as  though  each  were  alone  present, — namely,  i  to  1.87, — that  is,  a 
saturated  aqueous  solution  of  oxygen  will  take  up  nitrogen  (or  any 
other  gas)  as  readily  as  though  the  former  were  not  present. 

Numerous  examples  of  the  solubility  of  gases  will  be  found  in  the  dis- 
cussion of  the  chemical  elements. 

It  will  be  noted  that  vapors — as  ammonia,  sulphur  dioxide,  hydro- 
chloric acid  gas,  etc.,  which  are  more  easily  liquefied — are  far  more 
soluble  in  water  than  the  true  gases. 

Porous  bodies  (meerschaum,  charcoal)  which  expose  an  immensely 
increased  surface  in  proportion  to  their  size  readily  absorb  large  vol- 
umes of  gases;  for  example,  fresh  wood  charcoal  will  absorb  90  times 
its  volume  of  ammonia  gas,  55  volumes  of  sulphuretted  hydrogen,  35 
volumes  of  carbon  dioxide,  and  so  on.  This  explains  the  disinfecting 
power  of  charcoal. 

Occlusion. — Certain  metals,  like  silver  or  palladium,  possess  the  power 
of  taking  up  or  occluding  many  times  their  volume  of  certain  gases; 
for  example,  melted  silver  absorbs  about  twenty-two  times  its  volume 
of  oxygen  from  the  air.  This  is  expelled  on  cooling.  At  100°  C.  palladium 
will  absorb  about  650  voliunes  of  hydrogen.  Platinum,  in  the  form  of 
powder  (platinum  black,  or  sponge),  possesses  high  absorbent  power; 
it  will,  for  example,  condense  upon  its  surface  two  hundred  and  fifty 
times  its  volume  of  oxygen.  Advantage  is  frequently  taken  of  this,  in 
order  to  bring  about  chemical  combination  between  gaseous  elements 
(see  page  140). 

2.  Atmospheric  Pressure. 

The  Atmosphere  and  its  Pressure. — The  atmosphere  is  an  aerial  en- 
velope that  surrounds  the  earth ;  it  is  held  by  the  attraction  of  gravity 
and  attends  the  earth  in  its  rotation.  At  the  equator  the  velocity  of 
the  earth  is  over  one  thousand  miles  an  hour.  There  are  constant  local 
disturbances  in  this  gaseous  ocean,  which  are  chiefly  due  to  changes  in 
temperature,  and,  as  a  result,  winds  are  produced  which  re-establish 
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this  equilibrium.  Since  the  atmosphere  possesses  weight,  it  consequently 
exerts  a  pressure  upon  all  bodies.  This  pressure  decreases  as  we  ascend. 
The  downward  pressure  may  be  simply  illustrated  by  means  of  the  leather 
sucker,  which  consists  of  a  circular  piece  of  thick,  wet  leather  through  the 
centre  of  which  a  stout  string  is  tied.  This  disk  is  then  securely  pressed 
against  a  flat  object,  removing  all  air  from  the  under  surface.  A  heavy 
object  may  thus  be  raised,  since  the  downward  pressure  of  the  atmos- 
phere binds  the  leather  securely  to  the  weight.  The  upward  pressure 
can  be  demonstrated  by  filling  a  tiunbler  with  water  and  covering  with  a 
piece  of  cardboard.  Care  should  be  taken  that  no  air  is  admitted  under 
the  card.  The  card  is  held  in  position  until  the  ttunbler  has  been  inverted, 
then,  on  removing  the  hand,  the  water  will  remain  in  the  inverted  glass, 
being  held  there  by  the  upward  air  pressure.  That  the  atmosphere  exerts 
a  pressure  equal  in  all  directions  may  be  illustrated  by  the  Magdeburg 
hemispheres,  which  consist  of  two  metallic  hemispheres,  the  edges  of 
which  have  been  accurately  ground.  When  placed  together  a  hollow 
sphere  is  formed,  which  can  be  exhausted  of  air  through  the  stem  of 
one  of  the  hemispheres,  which  is  provided  with  a  stop-cock.  After 
exhausting  the  air  from  the  interior  by  means  of  an  air-pump,  the 
stop-cock  is  closed,  and  it  will  then  be  found  that,  on  account  of  the 
pressure  of  the  atmosphere  upon  the  surface  of  sphere,  only  by  the 
exertion  of  a  force  greater  than  this  pressure  can  the  two  hemispheres 
be  separated. 

These  experiments  show  that  the  atmosphere  exerts  a  pressure  upon 
everything  on  the  earth's  surface  with  a  weight  which  must  be  quite  con- 
siderable. How  much  this  pressure  measures  was  first  shown  in  the  ex- 
periment of  Torricelli  illustrated  in  Fig.  9.  A  glass  tube  about  a  meter 
long  and  sealed  at  one  end  is  filled  with  mercury.  Having  closed  the 
open  end  of  the  tube  with  the  thumb,  the  tube  is  inverted  and  dipped 
into  a  small  vessel  filled  with  mercury.  The  column  of  mercury  is  seen 
to  fall,  and  after  some  slight  oscillation  remains  stationary  at  760  mil- 
limeters (about  thirty  inches)  above  the  level  of  the  mercury  in  the  outer 
vessel.  No  matter  how  long  the  tube  may  be,  or  what  its  diameter,  this 
height  of  the  mercury  column  is  always  observed.  Only  one  explanation 
of  this  fact  is  possible.  It  is  that  the  atmospheric  pressure  will  support 
a  column  of  mercury  760  millimeters  (about  30  inches)  in  height  and  no 
more.  The  space  above  the  mercury  in  the  inverted  tube  is  a  vacuum, 
and  hence  there  is  no  counterbalancing  pressure  upon  the  mercury  at 
this  point.  If  the  upper  or  closed  end  of  the  tube  be  provided  with  a 
stop-cock  and  air  be  admitted,  the  mercury  in  the  tube  will  immediately 
fall  to  the  same  level  as  that  in  the  outer  vessel. 

When  water  is  used  instead  of  mercury,  it  is  found  that  the  atmos- 
pheric pressure  will  support  a  column  10.36  meters  (34  feet)  in  height, 
which  is  about  13.6  times  as  high  as  the  mercury  column.  But  mercury 
is  13.6  times  heavier  than  water,  so  that  the  weight  of  the  two  columns 
is  the  same  in  the  two  cases,  and  is  supported  by  the  same  pressure.  To 
calculate  the  pressure  necessary  to  sustain  such  a  column,  we  will  assume 
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Fig.  9. 


that  the  cross  section  of  our  tube  is  i  sq.  cm.  (or,  in  another  instance,  i  sq. 
inch),  and  the  column  of  mercury  is  76  cm.  (760  mm. — ^in  second  case 
about  30  inches)  high.  Since  i  cu.  cm.  of  mercury  weighs  13.6  gm.  (or 
I  cu.  in.  0.4916  lb),  the  weight  of  the  column  would  then  be  76  X  13.6 
=1  1033  gm.,  a  little  over  i  kg.  (or  30  X  0.49  =  14.7  lb).  Consequently 
the  atmosphere  exerts  a  pressure  of  about  i  kg.  on  each  sq.  centimeter 
of  surface   (or  14.7  lb  upon  each  square  inch).     Asstmiing  that  there 

is  I  sq.  meter  of  surface  to  the  hximan 
body,  it  must  then  be  exposed  to  the  pres- 
sure of  10,000  kg.  Such  a  pressure  is  not 
perceptible,  since  it  is  exerted  equally  in 
all  directions.  The  instnunents  used  for 
measuring  atmospheric  pressure  are  called 
Barometers. — ^The  simplest  form  of  bar- 
ometer, of  course,  is  the  straight  tube  of 
Torricelli,  as  just  described.  This  tube, 
suitably  mounted  in  a  frame  on  which  a 
scale  has  been  constructed,  and  dipping 
into  a  small  cup  filled  with  mercury,  con- 
stitutes the  cistern  barometer.  A  small 
opening  is  made  in  the  cistern  (Fig.  10) 
to  allow  the  air  access  to  the  mercury. 
Another  form,  preferred  for  many  pur- 
poses, is  the  siphon  barometer,  shown  in 
Fig.  II.  In  this  case  the  tube  has  two 
unequal  branches,  of  which  the  longer  is 
closed,  and  the  shorter,  acting  as  the 
cistern,  has  an  opening  communicating 
with  the  air.  There  are  two  scales,  one 
at  either  end,  so  as  to  note  the  height  of 
the  mercury  in  either  branch.  The  dis- 
tance between  the  upper  and  lower  levels 
constitutes  the  barometric  column.  In  order  that  the  instrument  may  be 
transported  horizontally,  a  very  fine  calibrated  tube  connects  the  two 
coltunns,  which  prevents  any  air  from  penetrating  into  the  longer  arm. 
At  the  sea-level  the  normal  barometric  column  measures  almost  thirty 
(29.92)  inches  of  the  English  scale,  or  760  millimeters  of  the  metric 
scale.  Since  the  lower  layers  of  the  atmosphere  are  denser  than  the 
upper,  the  barometric  column  will  fall  as  we  proceed  upward.  For 
each  10.5  m.  elevation  through  which  the  barometer  is  raised,  the  mer- 
cury falls  about  i  mm.  To  calculate  the  elevation,  the  difference  in 
height  in  meters,  D,  between  two  places  at  T°  C.  and  H  mm.,  and  t^  C. 
and  h  mm.,  we  apply  the  formula. 


Torricellian  tube  and  vacuum. 


D  =  16,000  (  I   -f- 


2(T  -\-  t)\   .  .   U  —  h 


1000 


) 


X 


H  -f  /i* 

Still  another  form  of  barometer  (Figs.  12  and  13),  and  the  one  most 
generaJl"  "<ied  by  travellers  in  determining  the  height  of  mountains  on 
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»unt  of  its  lightness  and  portable  character,  is  the  aneroid  barometer. 
is  is  a  flat,  thin--walled,  circular  box  of  corrugated  metal  partially  ex- 
usted  of  air  and  then  hermetically  sealed.  The  variations  of  the  atmos- 
eric  pressure  upon  the  surface  of  this  box  cause  it  to  expand  or  collapse 


ghtly,  whereby  a  system  of  levers  connected  to  a  needle  running  over 
graduated  dial  face  registers  the  pressure.  The  graduation  must,  of 
Lirse  be  made  by  comparison  with  a  standard  mercurial  barometer. 
Barometric  variations  are  usually  opposite  to  those  of  the  thermom- 
!r, — ^that  is,  when  the  former  rises  the  latter  falls,  and  vice  versa.    The 
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barometer  indicates  changes  in  the  density  and  weight  of  the  air  caused  by 
its  expansion  or  contraction.  Such  changes,  attended  by  a  rise  in  the  bar- 
ometer, indicate  conditions  favorable  to  fair  weather,  while  a  continued 


fall  of  the  column  indicates  precipitation.*  However,  weather  conditions 
are  largely  influenced  by  the  degree  of  humidity  and  the  direction  and  force 
of  the  prevalent  winds.  Slight  variations  of  the  barometer  take  place  daily. 

3.  Buoyancy  of  Gases. 

The  principle  of  Archimedes  (see  p.  3a),  whereby  a  body  immersed 
in  a  liquid  loses  a  portion  of  its  weight  equal  to  the  weight  of  the  displaced 
hquid,  is  equally  true  of  gases,  and  that  they  possess  buoyancy  or  sup- 
porting power  upon  bodies  immersed  in  them  is  easily  shown.    A  small 
P^^  ^  scale-beam  is  taken,   capable   of  being   put  under 

^1^      the  bell-jar  of  an  air-pump,  and  from  one  arm  of 
f^^m^^^^^m     this  a  hollow  sphere  is  suspended,  counterbalanced 
J^  ^\^^     by    a    small    weight   attached   to  the  other   arm. 
J  When  this  is  put  under  the  bell-jar  and  the  air  ex- 

^^M|I|^^^^L      hausted,  the  hollow  sphere,  deprived  of  the  buoyant 
^^^^^^^^^B     effect  of  the  air,  sinks  and  appears  to  be  heavier 
^^^^^^^^^^     than  the  small   weight,   which   feels   the   buoyant 
Baroscope.  effect  of  the  air  much  less  because  of  its  smaller 

bulk.  The  apparatus  employed  for  illustrating  this  phenomenon  is 
called  the  baroscope  (Fig.  14).  Owing  to  this  buoyant  effect  of  the 
air,  very  accurate  weighings  are  made  in  a  vacuum. 


•  The  indications  usually  recorded  on  the  dial  face  of  aneroid  barometers  arc : 

31      inches,  787  millimeters Very  dry. 

3°i       "        779        ■"  Settled  weather. 

joj       "        770.7      ■'  Pine  weather 

30         "         761  "  Variable. 

")i        "        753  "  Rain  or  wind. 

agj        "         744  7  Much  rain. 

39         "       73  b        "  TempestuouB, 
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4.  Apparatus  based  upon  Atmospheric  Pressure. 

The  Air-Pump. — The  exhaustion  of  the  air  from  any   given  space 
or  the  removal  of  the  atmospheric  pressure,   not  only   is  important 

as  allowing  us  to  de- 
monstrate the  effects  of 
this  pressure,  but  is  a 
necessary  operation  in 
many  manufacturing 
processes,  as  in  evapora- 
tion of  liquids  in  vacuo, 
the  exhaustion  of  globes 
for  incandescent  -electric 
lamps,  operating  the 
condensers  of  steam-en- 
gines, etc.  We  will  refer 
only  to  the  portable 
forms  of  exhausting  pumps  for  production  of  a  vacuum.  Fig.  i  s  gives 
a  sectional  view  of  the  common  form  of  air-pump.  If  we  start  with 
the  piston  p  at  the  bottom  of  the  cylinder, 
as  it  is  drawn  up  the  valve  v'  opens  up-  " 
ward  and  air  is  drawn  out  of  the  receiver 
R.  When  the  piston  begins  to  descend, 
the  valve  v'  closes  and  the  valve  in  pis- 
ton p'  opens,  lejting  the  air  escape  into  the 
space  above  the  piston.  The  air  can  thus 
be  considerably  rarefied  by  a  few  strokes, 
but  it  is  impossible  to  produce  a  perfect 
vacuum,  owing  to  the  difficulty  of  secur- 
ing perfectly  fitting  joints  for  the  appa- 
ratus, 

A  more  perfect  vacuum  is  attained  by 
the  aid  of  the  Sprengel  mercury  pump.  A 
simplified  form  is  shown  in  Fig.  16.  The 
Bunsen  filter  pump,  which  is  much  used 
in  chemical  and  pharmaceutical  labora- 
tories, is  constructed  upon  this  same  prin- 
ciple. It  is  attached  to  the  water-tap, 
and  water  is  forced  through  under  consid- 
erable pressure.  As  high  a  degree  of  vac- 
uum is  not  attainable  with  this  as  with 
the  mercury  pump.  This  consists  simply 
of  a  vertical  tube  of  narrow  bore,  some- 
thing over  a  yard  in  height,  a  few  inches 
from  the  top  of  which  a  lateral  tube  is 
made  to  connect  perfectly  air-tight.  If 
now  mercury  be  poured  into  the  vertical  ttibe  by  the  aid  of  a  funnel, 
in  falling  it  draws  the  air  from  the  vessel  connected  with  the  lateral 
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tube  until  almost  a  complete  vacuum  has  been   established  therein. 

These  pumps  are  used   in  producing  the  vacuum  needed   for   incan- 
descent electric-light  globes. 

Condensing  Pumps. — An  air-pump  with  valves  which  draws  in   air 

when  the  piston  rises,  and  forces  it  into  a  receiver  when  it  sinks,  the 

valve  closing  from  inside  pressure,  is  called  a  condenser. 

Compressed  air  has  many  applications  as  a  substitute  for  steam: 

also  in  tunnelling,  laying  of  submarine  caissons,  air-brakes,  in  conjunc- 
tion with  air-pumps,  in  operating  pneumatic 
mail  tubes,  etc.  A  condensing  pump  is  also 
useful  in  condensing  other  gases  than  air,  a:: 
in  forcing  carbon  dioxide  under  pressure  into 
solutions. 

Lifting  and  Suction  Pumps. — An  important 
application  of  the  principle  of  atmospheric 
pressure  is  seen  in  the  pumps  devised  for  the 
lifting  of  water  from  wells  and  cisterns.  One 
of  the  common  forms  is  illustrated  in  Fig.  17. 
The  action  here  exactly  corresponds  to  that 
in  the  cylinder  of  the  air-pump.  As  the  piston 
p  is  drawn  up,  the  valve  v',  known  as  a  clack- 
valve,  opens  upward,  and  air  with  water  fol- 
lowing it  is  drawn  up  into  the  cylinder.  As 
the  piston  descends,  the  valve  v'  closes  and  v 
opens.  After  a  few  strokes  the  water  is  lifted 
by  this  action  from  the  depth  w  to  the  cylin- 
der and  there  remains,  filling  the  whole  length 

of  the  tube.    It  is  obvious  that  the  action  of  the  piston  first  exhausts 

the  cylinder  of  air,  and  that   the  water  rises  into  the  vacuum  thus 

formed,  where  it  remains  unless  the  leakage  ,-,^  ,5 

of  air  into  the  cylinder  causes  the  water 

to  fall  again  to  the  level  of  that  below. 

Other  forms  of  pumps  combine  the  principle 

of  exhaustion  a«d  pressure,  and  thus  can 

deliver  a  continuous  stream  of  water. 
The  Siphon.— This  is  simply  a  tube  bent 

at  an  acute  angle,  open  at  both  ends,  and 

with  legs  of  unequal  length.    If  the  siphon 

be  filled  with  liquid   and  the  longer  end 

closed  temporarily,  on  dipping  the  shorter 

leg  into  the  liquid  contained   In   an   open 

vessel   a  flow  begins  when  the  longer  leg 

of   the   tube    is   opened,  and    the    liquid 

will  drain  from  the  vessel  until  the  level 

falls   below    the    end    of    the    short    leg. 


action  of  the  siphon  is  simple 
of  Fig.  18. 


The    explanation    of    the 
and  is  readily  had  from  a  consideration 
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The  continuous  flow  is  caused  by  the  difference  in  pressure  at  c  and 
at  B.  The  pressure  at  c  is  the  atmospheric  pressure  minus  a  column 
of  liquid,  c  d;  while  at  b  it  is  the  atmospheric  pressure  minus  a  b.  And 
as  this  latter  pressure  is  less  than  the  other,  the  force  depending  on  the 
difjerefice  in  level,  acting  on  the  surface  of  the  liquid  at  c  drives  the  water 
out.  The  flow,  moreover,  is  more  rapid  the  greater  the  difference  in 
level  between  the  two  ends  of  the  siphon.  The  flow  continues  until 
the  mouth  of  the  siphon  in  the  upper  vessel  no  longer  dips  beneath  the 
surface,  or  until  the  surface  of  the  liquid  in  the  upper  vessel  reaches  the 
same  level  as  that  at  b. 


CHAPTER    III. 
ACOUSTICS. 

I.  Vibrations  and  Undulations. 

Ac<mstics  treats  of  the  laws  of  generation,  propagation,  and  com- 
parison of  sound. 

Sound  originates  with  vibrations  of  elastic  matter.    These  vibrations 

excite  undulations  in  the  air,  whereby  they  are  communicated  to  the  ear. 

Vibralions. — ^All    sounding    bodies    vibrate.      These    vibrations    are 

oscillatory  movements,  like  the  swinging  to  and  fro  of  the  prongs  of  a 

sounding  tuning-fork. 

Undulations  or  Sound-Waves. — Vibrations  are  communicated  to  the 

ear  by  means  of  undulations  or  sound-waves  in  the  air.    Just  as  a  pebble 

dropping  upon  the  surface  of  still  water 

produces  wave-like  rings  due  to  vertical 

>  undulations,    a    vibratory  body  produces 

I  by     its     rapid     backward     and     forward 

movement   alternate  condensed  and  rare^ 

fied    air   strata,   which    represent    waves. 

Fig.  19  represents  the  formation  of  these 

sound-waves,  as  above  described,  while  by 

means  of  an  attached  needle  and  drawing 

a    vibrating    fork    over    the    surface    of 

smoked  glass  the  wave-motion  described 

by  these  movements  may  be  recorded,  as  shown  in  Fig.  20. 

The  length  of  a  sound-wave  is  the  distance  from  the  middle  of  one 
condensation  to  the  middle  of  the  next, — that  is,  from  one  wave-crest 
to  the  next  crest.    This  represents  one  complete  to-and-fro  movement 


§N^ 


of  the  vibrating  body.  The  height  of  a  sound-wave,  or  the  distance 
from  the  middle  point  to  either  of  its  extreme  positions,  is  known  as 
its  amplitude. 

3.  General  Properties  of  Sound. 

,-1    musical  sound  consists  of  harmonic   motion, — that   is.   it  is   the 
result  of  a  succession  of  vibrations  at  equal  intervals  and  of  sufficient 
rapidity.    The  human  ear  is  limited  in  its  range  of  hearing  of  musical 
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sounds  The  low  limit  is  about  i6  vibrations,  while  the  high  is  about 
38,000  per  second.  These  extremes  produce  notes  so  low  and  acutely 
high  that  they  are  not  appreciable  to  many:  the  average  limits  are 
usually  placed  from  40  to  5000  per  second.  The  highest  note  produced 
by  the  piccolo  is  4752  vibrations  per  second. 

Propagation  of  Sound, — For  the  propagation  of  sound  an  elastic 
mediiun  like  the  air  is  absolutely  necessary.  This  is  proved  by  suspend- 
ing a  bell  in  a  glass  globe  from  which  the  air  has  been  removed  by  means 
of  an  air-pump.  As  the  exhaustion  proceeds  the  sound  of  the  bell  grows 
feebler,  imtil  it  ceases  altogether.  Sound  may  be  propagated  to  a  great 
distance  through  the  air.  Cannonading  has  been  heard  fifty  or  more 
miles  under  favorable  conditions.  Sound  travels  still  farther  and  more 
distinctly  through  the  earth's  surface;  instances  have  been  recorded 
in  which  it  has  been  carried  a  distance  of  370  miles. 

Velocity  of  Sound. — That  it  requires  an  appreciable  time  for  sound  to 
travel  from  point  to  point  may  be  seen  in  the  difference  of  time  elapsing 
between  the  flash  of  a  distant  gun  and  the  report,  or  between  the  blows 
of  a  hammer  and  the  time  the  sounds  reach  the  ear.  Experiments  have 
shown  that  at  16°  the  velocity  of  sound  is  about  342  meters,  or  11 25 
feet,  per  second.  Since  temperature  affects  the  density  pf  air,  the 
velocity  of  sound  increases  about  60  cm.  for  each  degree  C.  Moist  air, 
being  less  dense  than  dry  air,  will  likewise  increase  the  velocity.  Sound 
travels  more  rapidly  in  liquids  and  solids,  owing  to  their  greater  elastic- 
ity.    Thus,— 

In  water,  sound  travels  about  4  times  as  fast  as  in  air. 
*'   lead,        **  "  "       4       '*         "  '*       " 

••   wood,      •*  *'  "   10-18  " 

•*    steel,       ••  "  "     16 

**    glass,      *'  *•  "16 

Speaking-Tubes. — Sound-waves  are  propagated  in  every  direction 
in  open  spaces,  hence  rapidly  lose  in  intensity  at  a  distance.  However, 
on  speaking  into  a  trumpet  (megaphone)  or  speaking-tube,  the  sound- 
waves issuing  from  the  mouthpiece  are  reflected  forcibly  by  the  walls 
of  the  tube,  and  directly,  without  loss  in  intensity,  in  one  direction 
a  long  distance.  The  ear-trumpet  employed  by  deaf  persons  is  a  re- 
versed speaking-trumpet;  it  serves  to  collect  and  concentrate  the 
sound-waves.  Based  on  this  same  principle  is  the  stethoscope,  an  in- 
strtunent  used  by  physicians  for  locating  sounds  in  the  human  body. 
This  consists  of  a  small,  wide  funnel  made  of  metal  or  hard  rubber,  to 
the  neck  of  which  is  attached  a  rubber  tube,  which  can  be  adjusted  to 
the  ear.  By  means  of  this  instrument  feeble  sounds  are  condensed  and 
accurately  transmitted. 

Echoes  and  Resonance. — An  echo  is  a  reflected  sound.  When  the  dis- 
tance of  the  reflecting  surface  is  very  short,  the  sound  is  strengthened 
and  gives  rise  to  resonance.  A  tuning-fork  which  has  been  struck  sounds 
very  much  louder  when  the  handle  is  placed  on  a  box  or  is  held  in  front 
of  its  open  end.  The  same  effect  will  be  produced  if  held  over  the  mouth 
of  a  wide  tube  closed  at  one  end,  or  a  cylinder.    These  are  called  resonant 
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tubes  or  boxes,  and  the  catise  of  their  reinforcing  effect  is  that  the  con- 
fined column  of  air  vibrates  sympathetically  with  the  sounding  object. 
This  principle  is  employed  in  the  construction  of  such  musical  instru- 
ments as  the  violin,  zither,  and  piano;  also  the  resonance  of  coltmins 
of  air  is  the  chief  source  of  sound  in  wind  instruments,  as  flutes,  horns, 
organ-pipes.  The  openings  in  the  flute  and  the  valves  in  the  horn  regu- 
late the  length  of  the  coltunn  of  resonant  air,  while  the  pitch  of  the  organ- 
pipe  depends  on  its  length.  In  those  instrtmients  based  upon  the  vibra- 
tion of  cords  or  wires,  as  the  violin,  harp,  or  piano,  the  pitch  of  tone  is 
governed  by  the  number  of  vibrations,  which,  in  turn,  are  controlled 
by  the  tension,  length,  size,  and  density  of  the  cords.  These  condi- 
tions are  formulated  as  laws: 

1 .  The  number  of  vibrations  is  inversely  as  the  length  of  the  cord.  Thus, 
if  a  given  cord  makes  i8  vibrations  per  second,  it  will  make  36  (an 
octave  higher)  if  its  length  be  reduced  one-half,  or  54  when  reduced 
to  one- third. 

2.  The  pitch  varies  as  the  square  root  of  the  tension.  If  the  tension 
of  a  cord  which  gives  a  certain  note  be  quadrupled,  it  will  render  a  note 
an  octave  higher. 

3.  The  pitch  varies  inversely  as  the  diameter.  Small  cords  vibrate 
more  rapidly  than  large  ones,  hence  render  more  acute  sounds.  A  cord 
of  any  given  size  will  give  twice  as  many  vibrations  (an  octave  higher) 
as  one  double  its  size. 


CHAPTER    IV. 

RADIANT   ENERGY.— z.  HEAT. 

I.     The  Nature  of  Heat. 

Heat  is  a  form  of  energy  due  to  molecular  vibration.  This  vibration 
seems  to  be  taking  place  in  greater  or  less  degree  in  all  bodies,  and, 
when  communicated  to  the  ether  which  fills  all  space  around  the  vibrat- 
ing body,  is  transmitted  to  the  nerves  of  sensation,  and  so  is  felt  as  heat. 
The  presence  of  air  is  not  essential  for  this  transmission  of  heat  vibrations, 
as  they  are  transmitted  equally  in  vacuo  as  in  air.  When  these  vibrations 
are  sufficiently  rapid  the  heated  body  becomes  luminous,  and  this 
manifestation  of  radiant  energy  is  called  light.  Electrical  energy  seems 
to  be  due  to  vibrations  of  the  same  nature,  but  of  still  greater  rapidity 
of  movement.  Such  is  the  undulatory  or  vibratory  theory  of  heat  and 
light.  The  fagt  that  one  of  these  related*  forms  of  energy  can  be  changed 
readily  into  the  others,  and  that  all  of  them  cam* be  produced  from* 
mechanical  energy,  renders  this  theory  a'  ver^ 'prol^ablfe'explanatipn  of 
the  observed  phenomena. 

II.     Sources  of  Heat. 

X.  Physical  Sources. — It  is  to  solar  radiation  absorbed  and  trans- 
formed that  we  owe  primarily  all  the  various  manifestations  of  energy 
that  take  place  on  our  planet.  It  is  the  energy  of  sunlight  that  sustains 
all  forms  of  life  and  supplies  us  with  food  and  fuel.  According  to  Helm- 
holtz,  the  earth  receives  only  TrnrTnrVoooo  part  of  the  whole  solar  radiation, 
and  the  source  of  the  sun's  heat  is  due  to  its  contraction  from  a  nebular 
state.  Another  theory  is  that  the  sun's  heat  is  due  to  the  energy  of  radio- 
activity. This  is  based  upon  the  presence  of  enormous  quantities  of 
the  element  helium  which  is  a  decomposition  product  of  radio-active 
matter. 

The  earth  possesses  also  a  heat  of  its  own,  readily  noted  as  we  descend 
to  any  considerable  depth  below  its  surface,  and  made  evident  to  us 
in  hot  springs  and  volcanoes.  The  rise  in  temperature  is  about  i°  for 
every  30  meters  of  descent.  The  explanation  most  generally  accepted 
for  this  is  that  the  earth  has  cooled  from  a  much  more  highly  heated 
state,  probably  that  of  an  incandescent  gas,  and  that,  while  a  hard  crust 
has  formed  upon  the  surface,  the  interior  of  the  globe  is  yet  in  a  molten 
state. 

Another  explanation  is  that  the  earth  is  self  heating,  due  to  the  presence  of 
radio-active  matter.  It  is  estimated  that  one  gram  of  radium  generates  864.000 
gm.  calories  per  year.  Since  all  matter  (soil,  water,  air)  is  radio-active,  Ruther- 
ford argues  tnat  this  is  of  sufficient  magnitude  to  balance  the  loss  of  the  earth's 
heat  into  space. 
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2.  Chemical  Sources.  —  Most  forms  of  chemical  combination,  as 
we  will  see  later,  are  accompanied  by  the  development  of  heat  in  definite 
amounts,  or  are  exothermic.  Hence  every  case  of  combustion  going  on 
about  us  in  nature  contributes  to  the  development  of  heat.  This  includes 
the  rapid  combustion  of  all  forms  of  fuel,  and  the  slow  combustion 
or  decay  of  organic  matter.  It  includes  also  the  respiration  of 
animals  and  the  processes  of  assimilation  of  food,  equally  due  to  chemical 
and  heat-producing  changes.  Those  forms  of  fuel  which  are  richest  in 
the  elements  carbon  and  hydrogen  possess  the  greatest  value  as  fuel, 
as  by  the  oxidation  of  these  elements  the  maximum  of  heat  can  be  de- 
veloped. Hence  the  value  for  heating  purposes  of  the  several  varieties 
of  coal,  of  petroleum,  of  hydrocarbon  gases,  and  of  so-called  **  water-gas." 

3.  Mechanical  Sources.  —  Friction  and  percussion  are^among  the 
commonest  of  the  methods  by  which  heat  is  developed.  The  old  device 
of  obtaining  sparks  from  a  piece  of  flint  and  a  steel,  and  the  still  older  one 
of  the  savage  of  rubbing  together  two  dry  sticks  to  kindle  a  fire,  are 
illustrations  of  the  development  of  heat  by  friction.  The  "hot-box** 
on  a  railway  car,  where  the  heat  developed  by  the  friction  of  the  car- 
axle  in  its  box  often  suffices  to  ignite  the  oil-soaked  waste,  is  also  an 
illustration.  The  striking  of  the  blacksmith's  hammer  upon  the  anvil 
readily  illustrates  the  heat  developed  by  percussion.  In  this  case  the 
energy  of  the  mass  of  the  hammer  in  descending  is  changed  when  it 
strikes  into  the  molecular  energy  of  the  particles  known  and  recognizable 
by  the  senses  as  heat. 

Mechanical  Equivalent  of  Heat. — As  already  illustrated,  heat,  which 
is  molecular  kinetic  energy,  can  be  produced  from  mass  kinetic  energy 
(motion).  The  degree  of  heat  generated  is  proportional  to  the  energy 
of  motion  of  its  molecules.  The  first  law  of  thermodynamics  states  that 
when  mechanical  energy  is  converted  into  heat,  or  when  heat  is  con- 
verted into  mechanical  energy,  the  quantity  of  mechanical  energy  is 
equivalent  to  the  quantity  of  heat  energy.  In  the  case  of  the  descending 
hammer,  should  this  weigh  i  kg.  and  it  is  raised  i  meter  high,  the  work 
expended  is  equivalent  to  i  kilogram-meter.  The  energy  expended 
is  distributed  as  heat  in  the  hammer  and  anvil  and  in  the  propagation 
of  the  sound  in  the  air. 

Experiments  have  shown  that  a  work  of  424  kgm.  is  consumed  in 
heating  i  kg.  of  water  through  i**  C.  The  number  424  kgm.  is  termed 
the  mechanical  equivalent  of  the  heat  unit.  It  expresses  the  intimate 
relation  between  work  (energy)  and  heat,  by  the  aid  of  which  one  may 
be  transformed  into  the  other. 

III.     Effects  of  Heat. 

The  three  states  of  matter,  solid,  liquid,  and  gaseous,  are  dependent 
upon  temperature,  which  as  a  form  of  kinetic  energy  influences  the 
internal  forces  of  cohesion.  In  a  solid,  the  molecules  are  in  immediate 
contact,  the  relative  positions  of  these  are  only  altered  by  the  action  of 
external  forces.     Since  temperature  is  proportional  to  the  energy  of 
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molecular  motion,  then  through  heating  a  body  we  set  its  molecules 
to  vibrating,  the  body  expands,  and  if  the  temperature  be  sufficiently 
high,  we  overcome  the  force  of  cohesion  and  the  molecules  become  more 
and  more  widely  separated  imtil  fusion  takes  place.  As  long  as  the 
influx  of  heat  energy  is  continued,  cohesion  will  not  be  sufficiently  strong 
to  retain  the  vibrating  molecules  in  their  original  positions  of  equilibrium. 
If  we  raise  the  temperature  still  further,  we  increase  the  intensity  of 
molecular  vibration  until  the  fluid  assumes  the  gaseous  state.  The  heat 
energy  consumed  in  changing  the  aggregate  condition  of  matter  from 
the  solid  to  liquid  or  gaseous  state,  is  again  liberated  when  the  reverse 
process  takes  place. 

I.  Measurement  of  Temperature.  —  By  temperature  we  mean 
the  therrifcil  condition  of  a  body  with  reference  to  its  ability  to  com- 
municate lieat  to  surrounding  objects.  If  two  bodies  of  different  tem- 
perature be  brought  into  contact,  there  will  be  an  interchange  of  heat 
and  cold  until  both  reach  the  same  temperature.  Estimates  of  tempera- 
ture based  on  the  sense  of  touch  are  extremely  inaccurate  and  variable, 
since  they  depend  upon  the  sensibility  of  the  individual.  Temperature 
cannot  be  measured  directly,  hence  we  estimate  it  by  its  effects  upon 
the  volume  of  certain  solids,  fluids  or  gases.  Since  expansion  and  tem- 
perature are  in  direct  ratio  to  one  another,  we  employ  one  for  measuring 
the  other.  Instruments  employed  for  this  purpose 
are  termed  thermometers  (heat  measurers). 

The  ordinary  thermometer  is  that  in  which 
mercury  is  used.  It  consists  of  a  glass  bulb  of 
spherical  or  cylindrical  shape  connected  with  a  fine  _| 
capillary  tube  or  stem.  The  bulb  and  part  of  the 
stem  are  filled  with  mercury,  which  is  boiled  to 
expel  the  air,  and  then  the  upper  end  of  the  tube  is 
sealed.  To  establish  a  scale  for  the  thermometer 
when  thus  filled,  two  fixed  points  are  needed.  One 
is  obtained  by  immersing  the  bulb  in  melting  ice, 
and  the  other  by  suspending  it  in  steam  from  water 
boiling  at  normal  pressure;  these  points  are  then 
permanently  marked  upon  the  glass.  Between 
these  two  points  the  tube  is  divided  into  divisions, 
or  degrees. 

Three  scales  have  been  proposed  and  are  now  in 
more  or  less  common  use.  The  Fahrenheit  (used  -j 
commonly  in  England  and  in  the  United  States) , 
the  Reaumur  (the  domestic  thermometer  of  Ger- 
many, Sweden,  and  Denmark),  and  the  Centigrade 
or  Celsius  (used  generally  in  Europe,  but  more 
particularly  in  scientific  literature) .  The  two  fixed 
pomts  before  referred  to  serve  equally  for  all  of  these,  but  the  method  of 
dividing  the  space  between  the  two  points  is  different  in  each  of  them.  The 
distinction  between  the  several  scales  is  shown  in  Fig.  21.    In  the  Centi- 
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grade  and  the  Reaumur  scales  the  lower  fixed  point  (the  melting  point 
of  ice)  is  called  zero,  while  in  the  Fahrenheit  scale  it  is  put  at  the  3 ad 
division  of  a  scale  which  starts  lowei^.  The  upper  fixed  point  (the  boiling 
point  of  water)  is  taken  as  100  degrees  of  the  Centigrade  scale,  as  80 
degrees  of  the  Reaumur  scale,  and  as  212  degrees  of  the  Fahrenheit 
scale.  Consequently,  the  space  between  the  two  fixed  points  is  divided 
into  100  degrees  in  the  Centigrade  scale,  into  80  degrees  in  the  Reaumur 
scale,  and  into  180  degrees  in  the  Fahrenheit  scale.  Divisions  of  the 
same  value  are  continued  both  above  and  below  the  fixed  points  upon 
each  of  the  several  scales,  degrees  below  zero  being  indicated  by  the 
sign  minus.  One  degree  of  the  Centigrade  scale  (expressed  i**  C.)  will 
equal  |  of  a  degree  Reaumur  (i**  R.)  and  f  of  a  degree  Fahrenheit 
(!<>  F.). 

The  conversion  of  readings  of  the  Centigrade  scale  into  the  correspond- 
ing readings  of  the  R^aimiur  scale,  and  vice  versa,  is  easily  effected  by 
the  aid  of  this  fraction,  using  the  expressions  C.**  X  ^  =  R.®,  and 
R.«  X  i  =  C.*'. 

In  the  case  of  the  Fahrenheit  scale  the  problem  is  not  quite  so  simple, 
as  the  zero  of  this  scale  does  not  agree  with  that  of  the  other  two,  and 
instead  of  the  lower  fixed  point  of  the  scale  being  placed  at  zero  it  is 
32  degrees  above  zero.  To  convert  Fahrenheit  readings  into  Centi- 
grade we  use  the  expression  (F.  —  32)  f  z=  C,  and  to  convert  Centigrade 
readings  into  Fahrenheit,  f  C.  +  32  =  F.  When  the  minus  sign  is  pre- 
fixed to  a  reading,  this  must  be  taken  into  account  in  adding  or 
subtracting  the  32. 

The  Centigrade  scale  has  displaced  the  others  in  exact  and  scientific 
work. 

The  limits  of  use  of  the  mercurial  thermometer  are  reached  as  we 
approach  the  freezing  or  the  boiling  point  of  mercury.  The  lower 
limit  of  accuracy  is  — 36°  C,  as  mercury  freezes  at  — 40**  C;  the  upper 
limit  is  about  300°  C,  as  mercury  boils  at  350°  C.  If,  however,  that 
part  of  the  capillary  above  the  mercury  column  be  filled  with  an 
inert  gas,  boiling  of  the  mercury  will  be  prevented  by  the  resulting 
pressure,  and  the  thermometer  may  be  used  for  temperatures  as  high 
as  550°  C. 

Mercury  thermometers  increase  their  readings  with  age,  and  during 
the  first  year  after  their  manufacture  this  increase  amounts  to  as  much  as 
one  degree  or  more.  Very  accurate  thermometers  are  filled  at  least  two 
years  before  graduating.  A  thermometer  is  said  to  be  delicate  when  it  indi- 
cates very  small  differences  of  temperature.  This  depends  on  the  ratio  of 
the  size  of  the  bulb  to  the  diameter  of  the  capillary ;  for  if  the  volume  of 
mercury  is  large  and  the  capillary  small,  a  minute  change  of  temperatiu'e 
will  cause  the  column  to  rise  through  an  appreciable  distance.  Ther- 
mometers are  sensitive  when  they  quickly  assume  the  temperature  of  the 
surrounding  medium.  This  depends  upon  the  surface-area  of  the  bulb. 
On  account  of  its  very  uniform  rate  of  expansion  mercury  is  preferred  to 
all  other  fillings  when  it  can  be  used. 
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Afaximum  and  minimum  thermometers  are  employed  for  recording 
s  of  temperature  which  have  been  reached  during  any  period  of 


te  (Fig.  :  . 
E  ft  U-shaped  thermometer  tube,  the  bend  of  which  o 
lercury  column.  The  left  arm  (above  the  mercury)  and  bulb  are 
Ued  with  alcohol,  and  the  right  is  nearly  full  of  alcohol.  With 
ae  of  temperature,  the  alcohol  in  the  left  bulb  expands,  and 
Bpresses  the  mercury  column,  which  rises  in  the  right,  pushing  a 
3iail  wire  (index)  covered  with  glass  before  it.  With  a  lowering  of 
temperature,  the  alcohol  in  the  left  bulb  con- 
■  tracts,  and   in  consequence    of  the  pressure 

from  the  compressed  air  in  the  right  bulb,  the 
column  is  pushed  down  the  right  and  up  the 

1/  V  left    arm,    registering   with   the   wire   index, 

I  The  index  in  the  left  arm  indicates  the  low- 

est and  that  in  the  right  the  highest  attain- 
ed   temperatures.     The    indices    are    set    by 
.  drawing  down  with  a  magnet. 

'  The    Clinical    Thermometer  (Pig.  33), 

which  is  employed  for  determining  the 
temperature  of  the  human  body,  is  grad- 
uated from  32  to  45°  C,  the  normal  body 
temperature  being  37.2°  C.  A  small 
thread  of  mercury,  separated  from  the 
main  column  by  an  air  bubble,  serves 
to  register  the  maximum  temperature 
as  the  thread  fails  to  recede  with  the 
column.  Before  using,  the  upper  thread 
of  mercury  is  shaken  down  by  a  sharp 
jerk  of  the  thermometer. 

Alcohol  Thermometers. — Colored  alco-  _ 

hoi  is  used  in  place  of  mercury  for  such    p^y^r  tt 
thermometers  as  are  employed  in  record-  •"'■ 

ing   extremely   low   temperatures.     Alcohol  solidifies 
at  — 130°  C.  and  boils  at  78°  C. 

Metallic  Thermometers. — These  dial  thermometers 
are  in  common  use,  and  consist  of  a  double  strip  com- 
posed of  steel  and  brass  riveted  together,  usually  bent 
into  the  form  of  a  coil  (Fig.  24).  The  inside  extremity 
is  secured  to  the  back  of  the  instrument,  while  the 
other  movable  extremity  is  attached  to  the  needle  of 
the  dial.  Owing  to  the  unequal  expansion  and  con 
laiimiim  >ihI  minimiiiii  fraction  of  the  two  metals,  the  coil  closes  or  opens 
ibcTmomcicroisiit.     moving  the  dial  accordingly. 

Air  Thermometers. — These  are  based  on  the  expansion  or  contraction  of 
closed  volume  of  air.  They  are  exceedingly  sensitive,  and  are  used  to 
measure  very  small  differences  of  temperature.  Air  thermometers  are 
mployed  in  standardizing  mercurial  thermometers;  also  for  measuring 
igh  temperatures.    They  consist  of  a  large  bulb  of  glass,  porcelain,  or 


CHAPTER   III. 
ACOUSTICS. 

I.  Vibrations  and  Undulations. 

Acoustics  treats  of  the  laws  of  generation,  propagation,  and  com- 
parison of  sound. 

Sound  originates  with  vibrations  of  elastic  matter.    These  vibrations 

excite  undulations  in  the  air,  whereby  they  are  communicated  to  the  ear. 

Vibrations. — All    sounding    bodies    vibrate.      These    vibrations    are 

oscillatory  movements,  like  the  swinging  to  and  fro  of  the  prongs  of  a 

sounding  tuning-fork. 

Undulations  or  Sound-Waves. — Vibrations  are  communicated  to  the 

ear  by  means  of  undulations  or  sound-waves  in  the  air.    Just  as  a  pebble 

dropping  upon  the  surface  of  still  water 

Fic.  IV,  produces  wave-like  rings  due  to  vertical 

mm — ~vg'i B n       ji  undulations,    a    vibratory  body  produces 

H  'll  '  H  i1  '  f  ^^  '^^^  rapid  backward  and  forward 
IH  "I"  I  'll  I  i^'^'^^'^c'-  alternate  condensed  and  rare^ 
II       'll'i       B        illl      I    ^^^    ^'^   strata,   which    represent    waves. 

iH SI ML Jl^l'    I    Fig.  ig  represents  the  formation  of  these 

sound-waves,  as  above  described,  while  by 
means  of  an  attached  needle  and  drawing 
vibrating    fork    over    the    surface    of 
smoked  glass  the  wave-motion  described 
by  these  movements  may  be  recorded,  as  shown  in  Fig.  20. 

The  length  of  a  sound-wave  is  the  distance  from  the  middle  of  one 
condensation  to  the  middle  of  the  next, — that  is,  from  one  wave-crest 
to  the  next  crest.    This  represents  one  complete  to-and-fro  movement 


D^ 


of  the  vibrating  body.  The  height  of  a  sound-wave,  or  the  distance 
from  the  middle  point  to  either  of  its  extreme  positions,  is  known  as 
its  amplitude, 

3.  General  Properties  of  Sound. 

,4  musical  sound  consists  of  harmonic  motion, — that  is,  it  is  the 
result  of  a  succession  of  vibrations  at  equal  intervals  and  of  sufHcient 
rapidity.    The  human  ear  is  limited  in  its  range  of  hearing  of  musical 
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sounds  The  low  limit  is  about  i6  vibrations,  while  the  high  is  about 
38,000  per  second.  These  extremes  produce  notes  so  low  and  acutely 
high  that  they  are  not  appreciable  to  many:  the  average  limits  are 
usually  placed  from  40  to  5000  per  second.  The  highest  note  produced 
by  the  piccolo  is  4752  vibrations  per  second. 

Propagation  of  Sound. — For  the  propagation  of  sound  an  elastic 
medium  like  the  air  is  absolutely  necessary.  This  is  proved  by  suspend- 
ing a  bell  in  a  glass  globe  from  which  the  air  has  been  removed  by  means 
of  an  air-pimip.  As  the  exhaustion  proceeds  the  sound  of  the  bell  grows 
feebler,  until  it  ceases  altogether.  Sound  may  be  propagated  to  a  great 
distance  through  the  air.  Cannonading  has  been  heard  fifty  or  more 
miles  under  favorable  conditions.  Sound  travels  still  farther  and  more 
distinctly  through  the  earth's  surface;  instances  have  been  recorded 
in  which  it  has  been  carried  a  distance  of  370  miles. 

Velocity  of  Soufid. — That  it  requires  an  appreciable  time  for  sound  to 
travel  from  point  to  point  may  be  seen  in  the  difference  of  time  elapsing 
between  the  flash  of  a  distant  gun  and  the  report,  or  between  the  blows 
of  a  hammer  and  the  time  the  sounds  reach  the  ear.  Experiments  have 
shown  that  at  16°  the  velocity  of  sound  is  about  342  meters,  or  11 25 
feet,  per  second.  Since  temperature  affects  the  density  pf  air,  the 
velocity  of  sound  increases  about  60  cm.  for  each  degree  C.  Moist  air, 
being  less  dense  than  dry  air,  will  likewise  increase  the  velocity.  Sound 
travels  more  rapidly  in  liquids  and  solids,  owing  to  their  greater  elastic- 
ity.    Thus,— 

In  water,  sound  travels  about  4  times  as  fast  as  in  air. 
••   lead,        "  ••  '•       4 

•*   wood,      '*  "  "   10-18  " 

••    steel,       •*  ••  *•      16 

"    glass,      "  "  ••     16      " 

Speaking-Tiibes. — Sound-waves  are  propagated  in  every  direction 
in  open  spaces,  hence  rapidly  lose  in  intensity  at  a  distance.  However, 
on  speaking  into  a  trumpet  (megaphone)  or  speaking-tube,  the  sound- 
waves issuing  from  the  mouthpiece  are  reflected  forcibly  by  the  walls 
of  the  tube,  and  directly,  without  loss  in  intensity,  in  one  direction 
a  long  distance.  The  ear-trumpet  employed  by  deaf  persons  is  a  re- 
versed speaking-trumpet;  it  serves  to  collect  and  concentrate  the 
sound-waves.  Based  on  this  same  principle  is  the  stethoscope,  an  in- 
strument used  by  physicians  for  locating  sounds  in  the  htiman  body. 
This  consists  of  a  small,  wide  funnel  made  of  metal  or  hard  rubber,  to 
the  neck  of  which  is  attached  a  rubber  tube,  which  can  be  adjusted  to 
the  ear.  By  means  of  this  instrument  feeble  sounds  are  condensed  and 
accurately  transmitted. 

Echoes  and  Resonance. — An  echo  is  a  reflected  sound.  When  the  dis- 
tance of  the  reflecting  surface  is  very  short,  the  sound  is  strengthened 
and  gives  rise  to  resonance.  A  tuning-fork  which  has  been  struck  sounds 
very  much  louder  when  the  handle  is  placed  on  a  box  or  is  held  in  front 
of  its  open  end.  The  same  effect  will  be  produced  if  held  over  the  mouth 
of  a  wide  tube  closed  at  one  end,  or  a  cylinder.    These  are  called  resonant 
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tubes  or  boxes,  and  the  cause  of  their  reinforcing  effect  is  that  the  con- 
fined column  of  air  vibrates  sympathetically  with  the  sotmding  object. 
This  principle  is  employed  in  the  construction  of  such  musical  instru- 
ments as  the  violin,  zither,  and  piano;  also  the  resonance  of  columns 
of  air  is  the  chief  source  of  sound  in  wind  instruments,  as  flutes,  horns, 
organ-pipes.  The  openings  in  the  flute  and  the  valves  in  the  horn  regu- 
late the  length  of  the  coliunn  of  resonant  air,  while  the  pitch  of  the  organ- 
pipe  depends  on  its  length.  In  those  instruments  based  upon  the  vibra- 
tion of  cords  or  wires,  as  the  violin,  harp,  or  piano,  the  pitch  of  tone  is 
governed  by  the  number  of  vibrations,  which,  in  turn,  are  controlled 
by  the  tension,  length,  size,  and  density  of  the  cords.  These  condi- 
tions are  formulated  as  laws: 

1 .  The  number  of  vibrations  is  inversely  as  the  length  of  the  cord.  Thus, 
if  a  given  cord  makes  i8  vibrations  per  second,  it  will  make  36  (an 
octave  higher)  if  its  length  be  reduced  one-half,  or  54  when  reduced 
to  one-third. 

2.  The  pitch  varies  as  the  square  root  of  the  tension.  If  the  tension 
of  a  cord  which  gives  a  certain  note  be  quadrupled,  it  will  render  a  note 
an  octave  higher. 

3.  The  pitch  varies  inversely  as  the  diameter.  Small  cords  vibrate 
more  rapidly  than  large  ones,  hence  render  more  acute  sounds.  A  cord 
of  any  given  size  will  give  twice  as  many  vibrations  (an  octave  higher) 
as  one  double  its  size. 


CHAPTER    IV. 

RADIANT   ENERGY.— I.  HEAT. 

I.    The  Nature  of  Heat. 

Hbat  is  a  form  of  energy  due  to  molecular  vibration.  This  vibration 
seems  to  be  taking  place  in  greater  or  less  degree  in  all  bodies,  and, 
when  communicated  to  the  ether  which  fills  all  space  around  the  vibrat- 
ing body,  is  transmitted  to  the  nerves  of  sensation,  and  so  is  felt  as  heat. 
The  presence  of  air  is  not  essential  for  this  transmission  of  heat  vibrations, 
as  they  are  transmitted  equally  in  vacuo  as  in  air.  When  these  vibrations 
are  sufficiently  rapid  the  heated  body  becomes  luminous,  and  this 
manifestation  of  radiant  energy  is  called  light.  Electrical  energy  seems 
to  be  due  to  vibrations  of  the  same  nature,  but  of  still  greater  rapidity 
of  movement.  Such  is  the  undulatory  oi-  vibratory  theory  of  heat  and 
light.  The  fact  that  one  of  these  related*  forms  of  energy  can  be  changed 
readily  into  the  others,  and  that  all  of  them  cati'be  produced  from 
mechanical  energy,  renders  this  theory  a  verjr  •prol^ablfc' explanation  of 
the  observed  phenomena. 

II.     Sources  of  Heat. 

I.  Physical  Sources. — It  is  to  solar  radiation  absorbed  and  trans- 
formed that  we  owe  primarily  all  the  various  manifestations  of  energy 
that  take  place  on  our  planet.  It  is  the  energy  of  sunlight  that  sustains 
all  forms  of  life  and  supplies  us  with  food  and  fuel.  According  to  Helm- 
holtz,  the  earth  receives  only  YyginrVoooo  P^rt  of  the  whole  solar  radiation, 
and  the  source  of  the  sun's  heat  is  due  to  its  contraction  from  a  nebular 
state.  Another  theory  is  that  the  sun's  heat  is  due  to  the  energy  of  radio- 
activity. This  is  based  upon  the  presence  of  enormous  quantities  of 
the  element  helium  which  is  a  decomposition  product  of  radio-active 
matter. 

The  earth  possesses  also  a  heat  of  its  own,  readily  noted  as  we  descend 
to  any  considerable  depth  below  its  surface,  and  made  evident  to  us 
in  hot  springs  and  volcanoes.  The  rise  in  temperature  is  about  i°  for 
every  30  meters  of  descent.  The  explanation  most  generally  accepted 
for  this  is  that  the  earth  has  cooled  from  a  much  more  highly  heated 
state,  probably  that  of  an  incandescent  gas,  and  that,  while  a  hard  crust 
has  formed  upon  the  surface,  the  interior  of  the  globe  is  yet  in  a  molten 
state. 

Another  explanation  is  that  the  earth  is  self  heating,  due  to  the  presence  of 
radio-active  matter.  It  is  estimated  that  one  gram  of  radium  generates  864,000 
gm.  calories  per  year.  Since  all  matter  (soil,  water,  air)  is  radio-active,  Ruther- 
ford argues  that  this  is  of  sufficient  magnitude  to  balance  the  loss  of  the  earth's 
heat  into  space. 
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tends  to  change  solids  to  liquids  or  gases  by  increasing  the  rate  and 
amplitude  of  vibration  among  the  molecules.  When  a  solid  passes  into  a 
hquid  state  it  is  said  to  undergo — 

Fusion  (melting  or  liquefaction). — Some  substances  are  very  refrac- 
tory, or  incapable  of  fusion  except  at  excessively  high  temperatures; 
others,  such  as  paper,  wood,  vegetable  and  animal  fibres  and  tissues, 
are  decomposed  without  fusion.  With  these  exceptions,  we  may  con- 
sider fusion  a  regular  change  which  solids  will  undergo  when  the 
proper  temperature  is  reached.    Fusion  is  governed  by  the  following  laws: 

(i)  Every  substance  begins  to  fuse  at  a  certain  temperature,  which  is 
invariable  for  each  substance  if  the  pressure  be  constant. 

(2)  Whatever  the  intensity  of  the  source  of  heat,  from  the  moment 
fusion  commences  the  temperature  of  the  body  ceases  to  rise  and  re- 
mains constant  until  the  fusion  is  complete. 

The  range  of  temperature  shown  in  the  fusing  points  of  solids  is  very 
great,  varying  from  — 38.8°  C.  for  mercury  to  1950°  C.  for  iridium. 

Some  substances  show  no  definite  melting  point,  as  glass  and  iron, 
which  soften  gradually  until  liquefaction  is  reached.  Such  is  called 
vitreous  fusion.  Generally  solids  expand  on  fusing;  however,  there  are 
some  exceptions,  as,  for  example,  ice,  type-metal,  and  cast  iron,  which 
contract  in  volume  during  liquefaction. 

When  metals  are  fused  together  they  generally  form  a  homogeneous 
mixture  which  often  possesses  properties  quite  different  from  those 
possessed  by  either  of  the  metals  singly.  Such  mixtures  are  called  alloys. 
They  are  generally  more  fusible  than  either  of  the  metals  of  which  they 
are  composed.  For  instance,  Rose's  fusible  metal,  consisting  of  4  parts 
of  bismuth,  i  part  of  lead,  and  i  part  of  tin,  melts  at  94®  C,  while  its  most 
fusible  constituent,  tin,  melts  at  233°  C.  Wood's  fusible  metal,  consisting 
of  I  or  2  parts  of  cadmium,  2  parts  of  tin,  4  parts  of  lead,  and  7  or  8 
parts  of  bismuth,  melts  between  66®  and  71®  C. 

Latent  Heat  of  Fusion. — In  accordance  with  the  second  law  noted 
above,  bodies  which  are  capable  of  fusion  cannot  be  heated  any  higher 
until  fusion  is  complete,  no  matter  how  intense  the  source  of  heat  may  be. 
For  example,  the  mercury  column  of  a  thermometer  placed  in  snow 
will  remain  stationary  at  o®,  when  placed  in  a  vessel  over  a  flame, 
until  the  snow  has  completely  melted  to  water  at  o®,  after  which  the 
temperature  rises.  The  (kinetic)  heat  added  has  disappeared  (become 
latent),  having  been  consumed  in  transforming  the  snow  at  o®  into 
water  at  o®.  If  a  kilo  of  water  at  80®  C.  be  mixed  with  a  kilo  of  dry 
snow  at  o*^  C.  the  two  kilos  of  water  obtained  will  have  a  temperature 
of  o*^  C.  The  kilo  of  snow  in  melting  has  used  up  the  80  degrees  of 
heat  originally  possessed  by  the  kilo  of  water ;  or  to  melt  i  kilo  of  ice, 
the  same  quantity  of  heat  is  necessary  as  is  required  to  raise  i  kilo 
of  water  from  0°  to  80®.  The  quantity  of  heat  necessary  to  raise  i 
kilo  of  water  by  1°  is  the  heat  unit  or  large  calorie.  The  latent  heat 
of  ice  is  then  80  calories  or  heat  units.  But,  as  before  stated,  energy 
cannot  be  destroyed.    It  must,  therefore,  still  be  present,  although  stored 
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up  as  potential  energy  under  the  name  of  the  latent  heat  of  fusion.  That 
these  80  degrees  of  heat  have  been  temporarily  absorbed  without  raising 
the  temperature  of  the  water  produced  from  the  ice  is  capable  of  proof, 
as  when  the  kilo  of  water  again  becomes  ice  (crystallizes)  this  absorbed 
heat  is  all  given  out,  and  can  by  measurement  be  shown  to  be  the  equal 
of  that  which  disappeared  before.  Every  liquid  has  its  own  latent  heat. 
That  of  water,  as  estabUshed  by  the  above  experiment,  is  80°  C. 

Dissociation. — If  certain  chemicals  be  heated  to  a  temperature  suffi- 
ciently high,  they  break  up  into  simpler  molecules,  which,  upon  lower- 
ing the  temperature,  again  reunite.  Dissociation  exists  only  as  long 
as  the  temperature  appUed  continues.     (See  pages  143,  145.) 

Regelation. — When  two  pieces  of  ice  are  firmly  pressed  together 
they  unite  at  the  surface  of  contact.  The  pressure  exerted  liquefies 
the  ice  at  the  point  of  contact;  but  as  the  latent  heat  of  fusion 
is  absorbed  and  conducted  away,  the  water  is  converted  into  ice.  The 
formation  of  the  snow-ball  depends  on  regelation. 

Solution  of  Solids  in  Liquids. — When  brought  in  contact  with  liquids, 
the  cohesion  among  the  molecules  of  many  solids  is  broken  up,  and  the 
result  is  a  homogeneous  fluid  mixture  called  a  solution.  The  solubility 
of  a  solid  in  a  fluid  depends  upon  the  nature  of  the  solid,  the  temperature, 
and  the  solvent.  When  the  latter  has  taken  up  all  that  it  is  capable  of 
dissolving  at  a  certain  temperature,  it  is  said  to  be  saturated, — ^when  less, 
it  is  unsaturated.  If  a  saturated  solution  be  concentrated,  or  the  tem- 
perature is  lowered  before  crystallization  begins,  the  solution  is  said 
to  be  supersaturated.  If  such  solutions  are  agitated,  or  a  crystal  be  added, 
crystallization  takes  place  at  once  and  the  supersaturated  solution 
becomes  a  saturated  one.  Pressure  increases  the  solubility  of  solids 
to  a  slight  extent.  The  nvunber  of  grams  of  a  substance  which  at  a 
certain  temperature  will  dissolve  in  100  grams  of  water  is  known  as 
the  coefficient  of  solubility  of  that  substance. 

As  a  rule,  crystalline  inorganic  bodies  dissolve  more  readily  in  water; 
metals  in  mercury  (amalgams) ;  fats,  resins,  oils,  and  organic  crystalline 
bodies  in  alcohol.  Increase  of  temperature  increases  the  degree  of  solu- 
bility, with  few  exceptions;  as,  for  example,  calcium  hydroxide,  sulphate, 
and  citrate  are  less  soluble  in  hot  than  in  cold  water.  When  two  or  more 
salts  are  dissolved  in  water  without  chemical  action  on  one  another, 
the  solubility  of  each  individual  salt  is  not  as  great  as  when  present 
alone,  the  total  quantity  of  salts  dissolved  is  greater  than  if  one  alone  had 
been  used,  and  the  quantity  of  each  salt  held  in  solution  is  less  than  if 
it  were  alone  present,  although  the  sum  total  dissolved  is  greater  than 
if  only  one  had  been  used. 

If  the  point  of  saturation  of  any  one  of  the  dissolved  salts  in  the  mixed 
solution  is  exceeded,  this  one  will  separate  from  the  other.  Hence,  in 
evaporating  a  mixture  of  salts,  that  salt  whose  point  of  saturation  has 
been  reached  will  separate  out  first,  followed  by  the  others  in  succession. 
Should  two  salts  tend  to  crystallize  out  at  the  same  time  (because  of 
like  solubilities),  the  concentration  of  the  solution  is  carried  on  at  a 
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higher  temperature,  and  the  one  which  is  less  soluble  under  these  con- 
ditions is  then  deposited. 

The  freezing  point  as  well  as  the  boiling  point  of  a  solvent  is  altered 
by  the  presence  of  a  dissolved  salt. 

When  the  solution  of  a  solid  is  attended  by  chemical  action,  a  rise  in 
temperature  follows,  evidenced  by  dissolving  such  salts  as  potassium  hy- 
droxide, zinc  chloride,  or  calcium  oxide  in  water.  These  substances  form 
hydrated  salts,  and  since  the  quantity  of  heat  set  free  in  the  formation 
of  such  salts  exceeds  that  necessary  for  solution,  heat  is  liberated. 

When  crystalline  solids  are  dissolved  in  water  (as  also  in  the  case  of 
fusion),  a  certain  quantity  of  heat  is  absorbed  or  rendered  latent,  and  the 
mixture  becomes  very  cold.     Advantage  is  taken  of  this  in  preparing — 

Freezing  Mixtures,  by  means  of  which  various  degrees  of  cold  may 
be  produced.  Thus,  a  mixture  of  two  parts  of  powdered  ice  or  snow 
and  one  part  of  salt  will  rapidly  reduce  the  temperature  of  substances 
around  which  it  may  be  packed.  The  salt  forces  the  liquefaction  of 
the  ice,  thereby  lowering  the  temperature;  the  water  resulting  from 
this  dissolves  the  salt,  again  lowering  the  temperature;  so  that  their 
combined  action  produces  a  temperature  of  zero  Fahrenheit.* 

Solidification  of  Liquids. — ^Just  as  change  of  condition  takes  place 
when  solid  bodies  fuse  under  the  influence  of  heat  or  dissolve  in  liquids, 
so  the  reverse  change  may  take  place,  whereby  the  liquid  may  resume 
the  solid  form,  either  from  fusion  or  from  solution.  For  this  change  the 
following  laws,  analogous  to  those  before  stated  for  fusion,  may  be  given: 

(i)  Every  body  under  the  same  pressure  solidifies  at  a  fixed  tempera- 
ture, which  is  the  same  as  that  of  fusion. 

(2)  From  the  commencement  to  the  end  of  the  solidification  the  tem- 
perature of  a  liquid  remains  constant. 

This  second  law,  it  will  be  seen,  is  the  counterpart  of  the  law  of  fusion 
already  explained  involving  the  absorption  or  storing  up  of  heat.  Just 
as  in  the  other  case,  no  matter  what  the  heat  applied,  the  temperature 
of  the  melting  solid  remained  constant  until  the  operation  was  completed ; 
so  in  this  reverse  change,  no  matter  how  intense  the  cold,  the  giving 
out  of  the  potential  heat  energy  stored  up  in  the  liquid  prevents  any 
lowering  of  the  temperature  until  the  solidification  is  complete. 

This  principle  of  the  storing  up  of  heat  in  the  liquefaction  of  a  solid 
and  giving  it  out  in  the  reverse  change  of  solidification  of  the  liquid 


*  The  following  table  gives  a  list  of  salts  which,  when  mixed  with  solvents, 
reduce  temperature,  owing  to  rapidity  of  liquefaction.  The  colder  the  solvent 
the  lower  will  be  the  temperature  produced. 

Sodium  sulphate  8  parts    j    hydrochloric  acid  5  parts  reduces  from  -f-io**  C. 

to  about  — 1 7**  C. 
Snow  2  parts    j    salt  i  part  reduces  from  -10°  C.  to  about  — 18°  C. 
Sodium  sulphate  3  parts  -\-  dilute  nitric  acid  2  parts  reduces  from  -f  10®  C. 

to  about  — 19°  L. 
Sodium  sulphate  6  parts  -f  ammonium  nitrate  5  parts  reduces  from  -|-io**  C. 

to  about  — 26°  C. 
Sodium  phosphate  9  parts  -|   dilute  nitric  acid  4  parts  reduces  from  -fio®  C. 

to  about  — 30  C. 
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has  a  great  importance  in  the  economy  of  nature.  The  first  severe  cold 
of  winter  does  not  cause  the  streams  and  lakes  to  freeze  up  suddenly 
and  completely,  because  for  every  pound  of  ice  produced  eighty  heat 
units  are  given  out  and  have  a  notable  retarding  influence  upon 
the  freezing  operation;  similarly  the  first  warm  days  of  spring  do 
not  instantly  melt  the  accumulated  snow  and  ice  of  the  mountain  val- 
leys, because  for  every  poimd  of  ice  melted  eighty  heat  units  must  be 
taken  up  and  withdrawn  from  present  effect  upon  the  temperature. 

It  is  obvious  that,  as  the  phenomena  of  solution  are  analogous  to  those 
of  fusion,  so  we  may  have  as  the  counterpart  of  solidification  from  fusion 
a  solidification  from  solution.  In  the  former  case  change  of  tempera- 
ture is  the  occasion  of  the  solidification ;  in  the  latter,  besides  this  cause, 
we  may  have  the  removal  by  evaporation  or  otherwise  of  the  solvent 
as  the  determining  cause  of  the  solidification. 

4.  Crystallization. — Generally    speaking,    bodies    in    passing    from 
the  liquid  or  vaporous  condition  to  the  solid  state  assume  regular  geo- 
metric forms.    Such  regular  forms,  bounded  by  plane  faces  and  definite 
angles,  are  called  crystals.    Such  bodies  as  do  not  conform  to  the  above — 
that  is,  do  not  crystallize — are  called  amorphous  (as  chalk,  glue,  acacia, 
etc.).    The  plane  surfaces  which  boimd  a  crystal  are  called  faces  or  planes. 
The  intersection  of  two  adjacent  faces  (planes)  forms  an  edge.    When 
two  or  more  lines  or  planes  intersect,  their  edges  form  an  angle.     In 
order  to  classify  and  compare  the  various  forms  of  crystals,  we  express 
the  relative  position  and  inclination  of  their  planes  by  referring  them 
to  certain  systems  of  axes.    These  axes  (a,  6,  c,  d  of  Figs.  25,  26,  27,  28, 
29,  and  30)  are  called  crystallographic  axes;  they  are  imaginary  lines, 
which,  if  drawn  through,  would  intersect  at  the  centre  of  the  crystal. 
The  positions  of  the  different  faces  (planes)  of  the  crystal  are  fixed  by, 
and  expressed  in,  the  relative  lengths  of  their  intercepts  on  these  axes. 
For  the  purpose  of  comparing  the  different  crystal  planes,  systems  of 
symbols  have  been  devised,  which  aim  to  locate  the  position  of  each 
plane,  with  reference  to  its  relation  to  the  crystallographic  axes.    Since 
every  crystalline  body  has  its  own  peculiar  form,  it  will  readily  be  seen 
that  we  have  an  immense  number  of  these  in  all  pos- 
sible  varieties.     However,  in  the  face  of  this,  according 
to  their  greater  or  less  degree  of  symmetry,  they  are 
divided  into  six  different  classes  or  systems.     Each  one 
of  these  systems  has  its   imaginary    crystallographic 
axis,  to  which  the  different  planes  (faces)  bear  a  fixed 
svmmetrical  position.    According  to  the  relative  posi- 
tion,  number,  and  size  of  these  different  planes,  we      ^cn?staUuatiSn!^^ 
distinguish  the  following  six  different  systems: 

I.  The  Regular  (isometric,  monometric)  System  (Fig.  25).  All  forms 
have  three  SLxesot  equal  length,  which  intersect  at  angles  of  90°.  To  this 
system  belong  the  cube  and  octahedron  with  their  many  modifications. 
In  this  system  crystallize  the  diamond,  the  various  alums,  sodium 
chloride,  potassitmi  iodide,  bromide,  and  chloride,  etc. 
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2.  The   Tetragonal    (dimetric,    quadratic)  System  (Fig.  a6)    has  tknt 

axes,  which  intersect  at  angles  of  90";  two  of  these  (lateral)  being  of 

equal  length,  the  other   (principal  axis)   is  either    longer    or  shorter. 

Fic.  ^  To  this  system  belong  the  square  pyramid  and  prism, 

and  in  it  crystallize  potassium  ferrocyanide,  tinstone. 

nickel  sulphate,  etc. 

.  The  Rhombic  (orthorhombic,  trimetric,  prismatic) 
System  (Fig.  37)  has  three  axes  of  unequal  length,  all 
intersecting  at  right  angles.  To  this  system  belong  the 
rhombic  pyramid  and  prism,  and  in  it  crystallize  bary- 
tes,  sulphur,  saltpetre,  zinc  sulphate,  citric  acid,  etc. 
4.  The  Monoclinic  (oblique,  prismatic)  System 
'"  (Fig.   38)  has  three  axes  of      .^  ,  Fir.,  n. 

unequal  length,  two  of  which  intersect  at 
an  oblique  angle  and  are  perpendicular  to 
the  third.  To  this  system  belong  the  oblique 
pyramid  and  prism,  and  in  it  crystallize 
oxalic  acid,  tartaric  acid,  sodium  sulphate, 
frarrous  sulphate,  sulphur  (fused),  etc. 

5.  The  Triclinic  (asymmetric)  System  (Fig.  "■""■"""-■>'■""■""''■"'"*""""■ 
39)  has  three  axes  of  unequal  length,  all  oblique  to  one  another.  The 
most  common  form  is  the  doubly  oblique  pyramid,  and  in  it  crystallize 
copper  sulphate,  potassium  dichromate.  etc. 

6.  The  Hexagonal  System  (Fig.  30)  has  four  axes;  three  of  these,  of 
equal  length,  are  lateral,  and  intersect  the  principal  axis  at  angles  of 
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90",  and  one  another  at  angles  of  60°.  The  principal  axis  may  be  longer 
or  shorter  than  the  lateral  axes.  To  this  system  belong  the  hexagonal 
pyramid  and  prism,  and  in  it  crystallize  quartz,  Iceland  spar,  thymol, 
bismuth,  antimony,  etc. 

5.  Vaporization. 

Solids. — Some  chemicals,  as  arsenious  oxide,  iodine,  corrosive  subli- 
mate, camphor,  etc.,  when  heated,  pass  directly  into  vapor  form  without 
liquefaction.  This  is  called  sublimation,  and  is  due  to  relative  vapor 
pressure    (tension).      If  the  vapor  pressure  (page  63)  of  the  substance 
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being  heated  is  less  than  that  to  which  it  is  exposed,  fusion  takes  place; 
but  if  greater,  then  it  passes  directly  into  the  vapor  form. 

For  example,  the  vapor  tension  of  arsenious  oxide  is  between  i  and  2  atmospheres, 
hence  can  only  be  liquefied  when  heated  in  a  sealed  tube  where  a  pressure  greater 
than  2  atmospheres  is  venerated.  On  the  other  hand,  ice,  with  a  vapor  tension  of  4.5 
mm.,  will  vaporize  without  melting,  if  warmed  in  a  vacuimi  of  less  than  4.5  mm. 

Liquids, — The  conversion  of  a  liquid  into  a  state  of  vapor  is  designated 
as  vaporization.  If  this  vaporization  takes  place  slowly  from  the  surface 
of  a  Uquid,  it  is  called  evaporatioti,  while  if  the  vapor  is  produced  rapidly 
throughout  the  mass  of  fluid,  it  is  termed  ebullition  (boiling)Y  When  a 
fluid  is  heated,  the  atmosphere  resting  immediately  upon  its  surface 
soon  becomes  saturated  with  vapor,  and  as  the  temperature  increases, 
the  tension  (elastic  force)  of  this  vapor  layer  gradually  increases  until 
it  equals  that  of  the  atmosphere;  this  is  the  normal  ebullition  (boiling) 
point  of  the  fluid.  All  fluids  (including  mercury)  exert  a  definite  vapor 
tension  which  varies  according  to  the  nature  of  the  substance,  and 
increases  with  the  temperature.* 

If  a  little  water  or  any  other  fluid  be  introduced  into  the  Torricellian  vacuimi 
of  a  barometer,  it  at  once  begins  to  vaporize  and  saturates  the  space  with  vapor, 
depressing  the  mercury  column  accordmg  to  the  temperature  of  the  tube.  If  we 
suDtract  the  height  of  this  mercury  column  from  that  of  a  normal  barometer, 
we  obtain  the  vapor  pressure  of  the  fluid. 

The  laws  governing  ebullition  are  as  follows: 

1.  The  temperature  of  ebullition,  or  the  boiling  point,  iftcreases  with 
the  pressure.  The  influence  of  pressure  is  of  far  greater  importance 
here  than  in  the  case  of  the  fusion  of  a  solid.  This  is  because  of  the 
readiness  with  which  a  gas  or  vapor  responds  to  difference  of  pressure, 
and  of  the  fact  that  slow  evaporation  passes  by  gradual  stages  into 
rapid  evaporation,  or  boiling.  We  may  generalize  this  statement  by 
saying  that  a  liquid  boils  when  the  tension  of  its  vapor  is  equal  to 
or  exceeds  the  pressure  it  supports.  Hence,  as  the  pressure  increases 
or  diminishes,  the  tension  of  the  vapor  and,  therefore,  the  temperature 
necessary  for  boiling  must  increase  or  diminish,  it  being  borne  in  mind  that 
the  temperature  of  a  liquid  cannot  be  raised  above  its  boiling  point. 


♦Vapor  Pressure  (Tension)  op  Different  Liquids. 

Temp. 

Mercury o** 

Mercury 50** 

Alcohol      o** 

Alcohol      50** 

Ether 0° 

Ether 6o'» 

Water o** 

Water lo** 

Water 15** 

Water 20° 

w ater    .•..•••••••••       25  

Water 50° 

Water 100° 

The  above  temperatures  represent  the  boiling  points  of  the  substances  at  their 
corresponding  preasures. 


[DS. 

Pressure  in 

Mm. 

0. 

02 

0. 

II 

13- 

220. 

182. 

1728. 

4. 

6 

9- 

2 

12. 

7 

17. 

4 

23- 

6 

92. 

760. 
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Fig.  31. 


The  close  relation  between  boiling  temperature  and  pressure  may  be  ehown  by 
the  experiment  illustrated  in  Fig.  31.  In  a  round-bottomed  glass  flask  water 
is  boiled  for  some  time,  and  when  the  steam  has  been  coming  off  sufficiently 
long  to  have  driven  out  all  of  the   air,  the   heat  is   withdrawn  and  the  flask 

closed  by  a  tight-fitting  cork.  It  is  then  inverted 
and  clamped,  as  shown  in  the  figure.  If  the  bottom 
is  then  cooled  by  wringing  out  cold  water  from  a 
spong:e,  the  water  begins  to  boil  again.    The  explana- 

*.J  ^^MP^^ ^«**JLs      tion  is  as  follows,     when  the  flask  was  closed  and 

inverted,  the  space  above  the  water  was  tilled,  not 
with  air,  but  with  vapor  of  water.  When  the  upper 
part  of  the  flask  was  cooled  by  the  application  of  cold 
water  from  without,  its  first  effect  was  to  condense  a 
portion  of  this  steam.  Hence  the  pressure  upon  the 
surface  of  the  water  was  much  reduced,  and  the  water 
started  to  boil  because  the  tension  of  the  vapor  at  its 
surface  was  greater  than  the  pressure  for  the  time 
being.  As  soon  as  boiling  liberates  more  steam  the 
pressure  becomes  greater  again  and  boiUng  ceases. 

An  important  application  of  the  fact  that 
water  and  other  liquids  evaporate  more  rap- 
idly under  reduced  pressure  is  found  in  the 
use  of  vacuiun-pans  and  apparatus  for  concen- 
tration of  liquids  in  vacuo. 

If  a  fluid  be  heated  in  a  confined  space,  the 

BoilJ^er  reduced  pressure,    ^^^^ion  of  its  vapors  will  increase  with  the  rise  in 

temperature  and  consequently  will  exert  a  pres- 
sure upon  the  surface  of  the  liquid,  raising  its  boiling  temperature  accord- 
ingly. Such  tensions  are  expressed  directly  in  **  atmospheres,**  each 
being  equal  to  760  mm.  pressure.*  Based  on  this  principle  is  the  digester, 
a  cylindrical  cast-iron  vessel  which  is  used  in  chemical  operations  in 
which  a  substance  is  to  be  extracted,  or  two  or  more  compounds  react  on 
one  another  under  high  pressure  and  temperature.  By  meansof  avacuum- 
pump  water  may  be  made  to  boil  at  any  temperature  from  100*^  C.  down; 
in  an  absolute  vacuum  it  would  boil  at  o®  C. 

2.  For  a  given  pressure,  every  liquid  has  a  dejinite  constant  boiling  point. 
This  law  is  analogous  to  that  governing  the  fusing  point  of  solids.  As  a 
consequence  of  this  law  we  are  able  not  only  to  identify,  but  to  separate 
various  fluids  from  one  another  by  means  of  their  boiling  points. 

3.  Whatever  be  the  intensity  of  the  source  of  heat,  as  soon  as  ebullition 
begins  the  temperature  of  the  liquid  remains  stationary.  On  introducing  a 
thermometer  into  the  vaporst  of  a  boiling  fluid,  the  mercury  will  rise  until 


*  Tension  of  Water  Vapor    at   Higher   Temperatures,  or    Boiling  Point 

OF  Wat£r  under  Various  Pressures. 


Temperature. 

JO 


100 

120.6 2 

134 3 

M4 4 

152.2 5 


Tension. 

.    I    atmosphere 


atmospheres 


Temperature. 

159.2    

165.3 7 

180.8 10 

213 20 

266 50 


Tension. 

6    atmospheres 


tt 


<< 


•< 


•• 


fThe  temperature  of  the  boiling  fluid  may  vary  according  to  the  nature  of 
the  vessel  and  the  presence  of  dissolved  matter,  while  that  of  the  vapors  remains 
constant. 
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it  assumes  the  temperature  of  the  surrounding  vapors;  it  will  then  re- 
main constant  until  the  entire  fluid  has  been  vaporized.  Should  there  be 
a  mixture  of  misdble  liquids,  as  water  and  alcohol,  the  boiling  point  will 
cover  several  intermediate  degrees  between  those  of  its  constituents.  If 
the  fltiids  are  inmiiscible,  the  boiling  point  of  the  mixture  will  be  lower 
than  either  of  its  constituents.  Advantage  is  taken  of  this  fact  in  re- 
moving the  essential  oils  (which  have  high  boiling  points)  from  plants  by 
distillation  with  steam. 

Additional  Causes  accelerating  Evaporation. — The  rate  of  evaporation 
depends  (i)  on  temperature,  for  increase  of  temperature  accelerates  evap- 
oration by  increasing  the  elastic  force  of  the  vapors.  (2)  Increased  sur- 
face: the  larger  the  area  of  surface  the  greater  the  number  of  exposed 
points  from  which  vapors  may  be  formed.  For  this  reason  fluids  are 
stirred  constantly  or  exposed  in  thin  layers  while  evaporating.  (.3) 
Removal  of  moist  air  from  the  surface  of  a  liquid  facilitates  evaporation, 
because  vaporization  cannot  take  place  in  an  atmosphere  already  satu- 
rated with  the  vapor  of  the  same  fluid ;  hence  the  moisture-laden  atmos- 
sphere  should  continually  be  removed  and  replaced  by  fresh  dry'  air 
■  through  fanning. 

Influence  of  Dissolved  Substances  on  Boiling  Point. — The  presence  of 
dissolved  saline  matter  raises  the  boiling  point  of  a  solvent,  and  as  the 
proportion  of  this  increases  the  rate  of  vaporization  is  retarded  accord- 
ingly. Water  saturated  with  common  salt  boils  at  102®  C,  with  calcium 
chloride  at  179°  C.  During  evaporation,  as  the  solution  becomes  more 
concentrated,  a  saline  pellicle  forms  upon  the  surface  which  effectually 
prevents  any  further  evaporation  unless  continually  broken  by  stirring. 

Nature  of  the  Vessel. — While  the  temperature  of  boiling  water,  when 
heated  in  a  good  heat  conductor,  as  a  metallic  vessel,  is  100°  C,  it  will 
rise  as  high  as  105®  C.  in  vessels  of  such  poor  conductive  material  as  glass 
or  porcelain.  The  temperature  of  the  fluid  in  the  latter  may  be  lowered  to 
100®  C.  by  placing  a  piece  of  metal  in  the  bottom  of  the  vessel. 

Production  of  Cold  by  Vaporization. — If  a  volatile  liquid  like  alcohol  or 
ether  be  poured  on  the  hand,  a  cooling  sensation  is  produced;  the  more 
rapid  the  vaporization  and  the  more  volatile  the  liquid  the  greater  the 
intensity  of  cold.  The  explanation  of  this  is  that  when  a  change  of  a 
solid  into  a  liquid,  or  a  liquid  into  a  vapor,  takes  place,  an  absorption  of 
heat  follows:  thus,  when  ether  evaporates,  the  heat  necessary  for  vapori- 
zation is  absorbed  from  the  surrounding  objects,  thereby  producing  cold. 
The  heat  absorbed  in  vaporization  is  far  in  excess  of  that  required  for 
liquefaction:  thus,  i  gram  of  ice  requires  only  80  calories  to  melt  it,  while 
I  gram  of  water  requires  537  calories  for  vaporization:  or,  stated  in  other 
terms,  the  latent  heat  of  the  liquefaction  of  ice  is  80  calories,  while  the 
latent  heat  of  the  vaporization  oi^2iter  is  537  calories.  The  most  effec- 
tive forms  of  refrigerating  apparatus  are  based  on  this  fact;  in  these,  the 
rapid  volatilization  of  such  liquefied  gases  as  ammonia  or  sulphur  dioxide 
is  facilitated  by  aid  of  condensing  pumps.  Solutions  of  brine  cooled  by 
these  rapidly  vaporizing  liquids  may  be  carried  for  distances  through 
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coils  and  utilized  for  cold  storage.  Beginning  with  an  easily  liquefiable 
gas,  and  utilizing  the  low  temperature  produced  by  its  vaporization 
under  reduced  pressure,*  then  by  the  application  of  pressure,  other 
more  refactory  gases  are  liquefied,  and  these  in  turn  are  employed  for  the 
liquefaction  of  still  others:  thus,  step  by  step,  physicists  have  succeeded 
in  liquefying  every  known  gas  excepting  helium. 

Condensation  of  Vapors, — ^This  is  the  reverse  of  evaporation.  It  takes 
place  whenever  the  temperature  of  the  vapor  drops  below  the  boiling 
point  of  the  liquid.  It  may,  however,  be  also  effected  by  pressure  or 
through  the  chemical  affinity  of  the  vapors  for  some  other  substance. 
By  combining  the  influences  of  cooling  and  pressure,  the  most  volatile 
of  vapors  have  been  condensed. 

Distillation  is  an  operation  by  which,  taking  advantage  of  the  volatil- 
ity of  a  liquid,  we  may  separate  it  from  dissolved  or  admixed  solids  or 
other  liquids  of  higher  boiling  point. 


v^ 


IV.    Transmission  of  Heat. 


Both  the  heat  and  the  light  vibrations  travel  through  ether  from  the 
source  of  heat  or  light  without  raising  the  temperature  of  the  intervening 
space.  When  they  strike  upon  a  body  to  which  these  vibrations  can  be 
communicated,  it  feels  the  effects  of  heat  and  the  temperature  is  raised. 
Such  heat  is  called  radiant  heat,  and  it  is  said  to  be  radiated  from  the 
source  of  heat. 

If,  however,  the  end  of  a  metal  bar  is  heated,  a  rise  of  temperature  is 
soon  recognized  some  distance  from  the  heated  spot,  and  it  may  extend 
throughout  the  entire  length  of  the  bar.  The  heat  is  here  transmitted 
through  the  particles  of  the  metal,  and  the  molecular  vibration  is  not  J 
merely  an  instantaneous  one  passed  on,  as  in  the  case  of  heat  rays  radi- 
ating through  air  or  ether,  but  continues  for  some  time,  and  shows  its 
effect  in  the  rise  of  temperature.  The  heat  in  this  case  is  propagated  by 
conduction. 

I.  Conduction  of  Heat. — We  find  great  differences  in  the  ease  with 
which  bodies  conduct  heat.    Metals, t  while  they  differ  considerably  as  to 


*  Boiling  Points  of  Liquefied  Gases  C760  Millimeters). 
Sulphur  Dioxide     .    .      *   — 10**  C.         Nitric  Oxide    ....       — i54**C. 


Chlorine 
Ammonia    .    . 
Carbon  Dioxide 
Nitrous  Oxide 
Ethylene     .    . 


— 33«^C.  Oxygen — i83<»C. 

— 38°C.  Argon       —1850^. 

— 78°C.  Air        — i92*»C. 

— 88°C.  Nitrogen      —1950^ 

— 102**  C.  Hydrogen — 243.5*0. 


t  Relative  Conductivity  of  Metals  Compared  to  Silver. 

Silver       1000    •     Iron 120 

Copper 736         Lead 85 

Gold 532          Platinum 84 

Brass        231          Bismuth      ,,,,,,,,  \% 

Zinc ,    .    ,    ,    ,      iqq 


Water  a  non-conductor. 
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their  relative  conductivities,  are  the  best  conductors,  while  glass, 
resins,  and  wood  are  poor  conductors.  Liquids  and  gases  are  also 
poor  conductors  of  heat.    Cotton,  F1G.32. 

wool,  straw,  and  bran  are  all  bad 
conductors.  The  relatively  poor 
conducting  power  of  liquids  is 
shown  in  the  experiment  illustrated 
in  Fig.  32.  Snow  may  be  packed 
in  a  test-tube  and  water  put  above 
it.  On  inclining  the  tube,  as  shown 
in  the  cut,  and  applying  the  heat 
at  the  top  of  the  liquid,  the  water 
may  be  made  to  boil  without  melt- 
ing the  snow.  Poor  conductors  of 
heat  are  used  both  for  the  purpose 
of  retaining  heat  and  shutting  it  out  from  bodies  or  spaces  to  be  kept 
cool.  Thus,  steam -pi  pes  at  all  times  and  water-pipes  in  winter  are 
packed  in  asbestos,  magnesium  carbonate,  straw,  felt,  and  other  non- 
conducting materials,  to  prevent  the  loss  of  heat.  Ice,  on  the  other  hand, 
is  packed  in  sawdust  or  shavings  to  keep  out  the  heat  and  prevent  its 
rapid  melting.  Fire-proof  safes  have  the  spaces  between  the  inner  and 
outer  plates  packed  with  non-conducting  material,  so  that,  while  the 
outer  frame  may  be  heated  red-hot  the  inner  frame  does  not  become 
heated  sufficiently  to  injure  the  books  and  papers  that  the  safe  may 
contain.  Snow  is  a  bad  conductor  of  heat,  and  a  layer  of  snow  is 
capable  of  keeping  the  earth  under  it  warm. 

2.  Radiation  of  Heat. — That  heat  rays  are  propagated  without 
raising  the  temperature  of  the  intervening  space,  is  demonstrated  by 
interposing  a  screen  in  the  path  of  the  rays.  The  sensation  of  heat  at 
once  disappears,  as  the  surrounding  air  has  not  been  heated  by  the 
heat  rays  passing  through  it.  That  radiant  heat  is  propagated  in  vacUo 
can  also  be  shown  by  experiment,  and  is  in  accordance  with  probability, 
as  the  radiant  heat  of  the  sun  comes  to  us  through  space  outside  of 
the  earth's  atmosphere. 

Of  the  laws  governing  the  intensity  of  radiant  heat  we  need  only  note 
the  one  that  the  intensity  is  inversely  as  the  square  of  the  distance.  We 
will  see  later  that  this  accords  exactly  with  the  observation  of  the  nature 
of  the  light  rays,  and  shows  the  close  relationship  between  them.  Radiant 
heat,  when  it  strikes  upon  a  body,  may  be  reflected,  diffused,  absorbed,  or 
transmitted.  From  polished  surfaces,  whether  plane  or  curved,  the  heat 
rays  are  reflected  or  thrown  back.  But  this  reflection  is  never  complete. 
Some  of  the  rays  are  irregularly  reflected  or  diffused.  On  the  other  hand, 
bodies  which  are  poor  reflectors  absorb  the  heat  rays  in  large  amount. 
Such  bodies,  like  lampblack,  white  lead,  and  other  finely  divided  sub- 
stances, absorb  the  bulk  of  the  ravs  which  strike  upon  them.  Among 
transparent  substances,  a  notable  difference  exists  in  the  readiness  with 
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which  they  transmit  the  heat  rays.  Rock-salt  in  transparent  plates 
transmits  the  heat  rays  very  perfectly ;  alum,  on  the  other  hand,  absorbs 
the  rays  and  transmits  very  little. 

3.  Convection. — Liquids,  as  before  stated  and  illustrated,  are  poor 
conductors  of  heat.  When  heat  is  applied  to  a  liquid  like  water,  the  con- 
ductivity is  so  slight  that,  as  shown  in  Fig.  32,  ice  or  snow  contained  in  the 
same  vessel  will  not  be  melted,  although  the  water  may  be  brought  to 
boiling  at  the  top  of  the  vessel.  It  is  different,  however,  when  heat  is 
applied  at  the  bottom  of  a  vessel  containing  water  or  other  liquid.  The 
layer  of  the  liquid  nearest  the  point  where  the  heat  is  applied  becomes 
heated  and  at  once  moves  upward,  while  a  current  of  colder  liquid  moves 
downward  to  take  its  place.  It  is  by  these  currents,  which  move  the 
particles  of  the  liquid  from  one  place  to  another  continuously,  that  the 
heat  is  mainly  distributed,  and  not  by  the  conductivity  of  the  liquid. 
These  ascending  and  descending  currents  may  be  made  visible  by  putting 
a  little  bran  or  sawdust  into  the  water  before  applying  the  heat.  This 
mode  of  transmitting  heat  is  called  convection.  Heat  is  also  propagated 
in  gases  in  the  same  way,  as  their  conductivity  is  equally  slight. 


CHAPTER  V. 


RADIANT    ENERGY.— II.    LIGHT. 


I.    Nature  of  Light 

I.  Comparison  of  Heat  and  Light. — We  have  already  referred  to  the 
undulations  or  vibrations  which,  radiating  out  from  sources  of* light  Uke 
the  sun,  are  communicated  to  the  ether,  an  exceedingly  attenuated 
elastic  meditmi  which  fills  space,  and  are  thus  propagated  until  they 
strike  upon  bodies  whose  molecules  are  capable  of  taking  up  the  vibra- 
tions and  developing  what  we  call  heat  energy.  We  saw  also  that  chemi- 
cal combination  or  combustion,  friction,  and  other  causes  were  capable 
of  initiating  these  vibrations  and  serving  as  sources  of  heat.  The  sun, 
the  great  source  of  these  heat  vibrations,  and  most  other  sources  of  heat 
are  also  capable  of  radiating  undulations  of  a  more  systematic,  wave- 
like character,  which  have  one  or  both  of  two  different  effects.  They  may 
act  upon  the  retina  of  the  eye,  and  when  communicated  by  the  optic 
nerve  may  produce  upon  the  brain  the  sensation  of  vision,  or  they  may 
act  upon  certain  chemical  salts,  decomposing  them,  because  of  what  is 
called  actinic  power.  Most  generally,  sources  of  heat  become  sources  of 
light  when  the  molecular  vibration  becomes  more  rapid,  as  the  light  undu- 
lations are  more  rapid  and  of  shorter  wave-length  than  the  heat  rays. 
Thus,  a  bar  of  metal,  when  heated,  gives  off  at  first  only  heat  vibrations 
recognizable  by  the  rise  in  temperature.  After  a  time  a  red  glow  begins 
to  appear  and  light  rays  of  greatest  length  and  slowest  time  of  vibration 
are  emitted.  When  the  iron  is  still  further  heated  it  becomes  white-hot 
and  the  waves  are  now  of  shortest  wave-length  and  quickest  vibration. 


Wave-motion. 

The  wave-motion  communicated  by  heat  and  light  to  ether  consists  of 
vibrations  which  are  perpendicular  to  the  line  of  propagation.  As  shown 
in  Fig.  33,  the  wave  line  represents  the  motion  of  the  ether  molecules  in 
the  direction  a  b,  the  distance  b'  c\  from  one  wave-crest  to  the  next,  is  a 
wave-lehgfhy  while  the  distances  h'  b",  f  f^,  c^  c"  represent  the  amplitudes 
of  vibration. 

Theory  assigns  no  limit  to  the  length  of  ether  waves,  for  the  optic  nerve 
is  sensitive  to  only  a  limited  number,  the  shortest  being  0.000039  centi- 
meter long,  corresponding  to  757  million  million  vibration-frequencies 
per    second,  while  the  longest  is  0.000076  centimeter,  with  392  million 
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million  vibrations.  All  vibration-frequencies  which  lie  between  these 
limits  constitute  light.  Each  wave-length  with  its  vibration-frequency 
represents  a  particular  kind  of  light,  which  produces  the  sensation  of 
color.  Color  is  then  simply  the  impression  resulting  from  some  particu- 
lar wave-frequency.*  Waves  of  minimum  vibration-frequency  produce 
the  sensation  of  red,  while  those  of  maximum  frequency  that  of  violet: 
those  lying  between  these  produce  sensations  of  red,  orange,  yellow, 
green,  and  blue.  Such  a  succession  of  colors,  beginning  with  red  and 
shading  gradually  from  one  to  the  other  and  finally  to  blue,  is  called  a 
spectrum.  Those  colors  at  the  red  end  of  the  spectnun  (ultra-red  to 
yellow)  are  the  richest  in  heat  and  poorest  in  actinic  rays,  those  at  the 
violet  end  (blue  to  ultra-violet)  give  no  heat,  but  are  very  active  chemi- 
cally (actinic)  (see  page  143),  and  those  nearest  yellow  give  the  most  light. 
If  a  portion  of  light  consists  of  waves  of  the  same  length,  it  is' termed 
homogeneous  or  monochromatic.  If  it  consists  of  a  mixture  of  long  and 
short  waves,  uniformly  distributed,  white  light  results. 

A  luminous  body  is  one  which  emits  light  rays.  Bodies  may  be  self- 
luminous  or  original  sources  of  light,  like  the  siin,  a  candle-flame  or  gas- 
jet,  and  a  fire-fly,  or  merely  illuminated  bodies  which  shine  by  reflected 
light,  like  the  moon  and  bodies  lighted  by  ordinary  daylight. 

Fluorescence  and  Phosplwrescence. — Certain  fluids  and  solids  are  said 
to  fluoresce  when,  on  exposure  to  light  radiations  in  the  form  of  short 
waves  invisible  to  the  eye  (ultra-violet) ,  they  deliver  them  in  longer  visible 
waves  (violet,  blue,  green), — that  is,  these  bodies  render  visible  other- 
wise invisible  radiation.  Fluorescence  is  limited  in  duration,  lasting 
as  long  as  the  substance  is  exposed  to  the  proper  light  radiation. 
Solutions  of  quinine  sulphate,  gclsemic  acid,  eosin,  fluorescein,  chlo- 
rophyll, etc.,  belong  to  this  class,  and  emit  different  colors  according 
as  they  are  viewed  by  either  transmitted  or  reflected  light.  Thus,  an 
ethereal  solution  of  chlorophyll  is  green  and  an  aqueous  solution  of 
eosin  is  red  by  transmitted  light,  while  by  reflected  light  the  former  is  red 
and  the  latter  is  yellow.  Phosphorescent  bodies  arc  those  which,  after 
exposure  to  the  light,  continue  to  shine  for  some  time  in  the  dark.  This 
is  due  to  oxidation,  as  in  the  glowing  of  phosphorus  or  the  sulphides  of 
calcium  or  barium,  or  to  friction,  as  in  the  cleavage  of  crystals.  In  the 
animal  or  vegetable  kingdom  we  find  that  the  glow-worm,  fire-fly,  marine 
luminous  infusoria,  certain  fungi  or  decaying  wood,  emit  light.    This  is 

*  Light  Waves. 

Color.  Vibralioii  frequency.  Wave-length. 

Ultra-red 370  million  million  .0000810  cm. 

Red      428  **  *•  .0000700 

Orange 502  "  **  .0000597 

Yellow 516  "  ••  .0000580 

Green       569  **  '*  .0000527 

Blue 634  "  **  .0000473 

Violet       73Q  **  **  .0000406 

Ultra-violet 833  '*  "  .0000360 
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due  in  the  former  instances^ to  nerve  energy,  while  in  the  latter,  to 
oxidation.  <^\.^    -     'j       ;  ^ '. -' -•  •.       '.  r- 

Iridescence  is  produced  by  the  reflection  of  light  from  both  upper  and 
lower  siirfaces  of  a  very  thin  transparent  layer  of  varying  thickness. 

Transparent  bodies  are  those  which  readily  transmit  the  luminous  rays. 
Translucent  bodies  transmit  light  less  readily,  so  that  at  most  the  outlines 
of  bodies  can  be  seen  through  them.  Opaque  bodies  do  not  transmit  Ught 
at  all,  and  cut  off  the  light  rays  completely.  Some  bodies,  like  metals, 
which  are  opaque  in  bulk,  become  translucent  or  even  transparent  when 
in  very  thin  layers.  A  shadow  is  the  space  where  the  light  rays  have  been 
intercepted  by  an  opaque  body  lying  in  their  path. 

2.  Transmission,  Velocity,  and  Intensity  of  Light. — In  a  homo- 
geneous medium  the  light  rays  are  always  propagated  in  a  straight  line. 
This  is  illustrated  when  a  beam  of  stmlight  enters  a  dark  room.  Its  path 
is  revealed  by  illuminated  particles  of  dust  and  shown  to  be  in  a 
straight  line. 

Light  travels  through  space  with  the  velocity  of  about  300,000  km. 
(186,000  miles)  per  second. 

The  intensity  of  illumination  on  a  given  surface  is  inversely  as  the 
square  of  its  distance  from  the  source  of  light.  That  is,  a  given  unit  of 
stirtace  at  twice  the  distance  from  the  source  of  light  of  another  surface 
will  receive  one-fourth  the  light. 

Eiuitometers  are  instruments  for  measuring  the  relative  intensities  of 
light.  The  form  in  common  use  is  the  Bunsen  photometer.  It  con- 
sists of  a  screen  of  paper  moimted  in  a  box  which  slides  to  and  fro  on 
a  graduated  bar.  The  paper  screen  has  a  central  spot  saturated  with 
paraflSne.  Fixed  at  one  end  of  the  bar  is  a  standard  light,  usually  a 
sperm  candle,  of  definite  size  and  weight,  while  the  light  to  be  standard- 
ized is  placed  at  the  other  end  of  the  bar.  If  the  two  lights  are  of  equal 
intensity,  the  grease-spot  does  not  show  on  the  paper.  When  one  side  is 
more  strongly  illuminated  the  spot  appears  dark  on  that  side  and  light 
on  the  other.  It  is  then  necessary  to  move  the  box  containing  the 
paper  screen  until  the  spot  just  becomes  invisible.  Its  position  on  the 
bar  is  then  noted,  and  the  relative  distance  from  the  two  ends  taken 
for  the  calculation.  The  result  is  usually  referred  to  a  standard  candle 
and  expressed  in  what  is  called  candle-power.* 

♦  The  standard  of  comparison  is  a  sperm  candle  burning  120  grains  per  hour. 
If  the  distance  from  the  illuminated  spot  to  the  standard  candle  be  2  feet,  and  to 
the  light  to  be  standardized  6  feet,  the  candle-power  of  the  light  would  be  9.  For, 
according  to  the  law  the  intensity  of  illumination  from  a  luminous  point  is  inversely 
proportional  to  the  square  of  the  distance  of  the  illuminated  surface  from  that  point, 

then    _.  =  !i-  =r  9,     The  following  table  gives  the  relative  brightness  of  several 

2«  4 

sources  of  light. 

Standard  candle i  candle-power. 

*  Gas-jet 12  to"  1 8 

Welsbach  burner 30  to  50 

Electric  arc,  average 800 
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11.    Reflection  op  Light. 

We  have  before  declared  the  path  of  a  ray  of  light  entering  a  dark 
room,  as  shown  by  the  illuminated  particles  of  dust,  to  be  a  straight  tine. 
If  this  ray  strike  obliquely  upon  a  horizontally  placed  mirror  or  polished 
surface,  we  will  also  notice  that  a  ray  of  light  is  thrown  off  or  reflected 
from  the  mirror,  and  on  measuring  the  angle  made  by  the  entering  ray 
and  the  imaginary  perpendicular  to  the  horizontal  mirror,  and  that 
made  by  the  reflected  ray  and  the  perpendicular,  they  will  be  found  to 
be  equal  (Fig.  34).  From  the  experiment  we  may  deduce  the  following 
two  laws  of  the  reflection  of  light:* 

1 .  The  angle  of  reflection  is  equal  to  the  angle  of  incidence. 

2 .  The  incident  and  the  reflected  ray  are  both  in  the  same  plane,  which 
is  perpendicular  to  the  reflecting  surface. 

Not  all  of  the  light  of  the  incident  ray  or  beam  is  reflected  in  this  way. 
Unless  the  reflecting  surface  be  an  absolutely  smooth  one,  some  of  the 
light  is  irregularly  reflected  or  diffused.  It  is  this  which  enables  us 
to  see  objects.  Well-polished  surfaces  like  that  of  a  mirror  reflect 
light  in  a  definite  direction  (a  b,  Fig.  34),  while  rough  or  dull  sur- 
faces scatter  or  diffuse  the  light:  c  d,  Fig.  35,  represents  the  roughness 


ReAection  of  light.  Diffusion  of  light. 


of  the  surface  of  paper  very  much  exaggerated.  This  diffused  light 
renders  it  visible  in  all  directions.  If  a  reflecting  surface  were  absolutely 
smooth,  it  would  be  invisible.  We  would  simply  see  in  it  the  image' of 
other  objects.  Objects  about  us  are  thus  illuminated  by  the  diffused 
light  reflected  from  clouds,  the  air,  and  other  surfaces,  and  so  they  be- 
come visible,  although  they  may  not  receive  the  direct  rays  of  light  from 
the  sun.  There  are  in  fact  many  days  when,  on  account  of  clouds,  our 
illumination  comes  wholly  from  this  irregularly  reflected  or  diffused  light. 
Reflection  of  Light  from  Polished  Surfaces. — Mirrors  are 
bodies  with  polished  surfaces  which  are  employed  to  show  by  reflection 
objects  placed  before  them.  Images  of  the  objects  are  thus  formed.  The 
development  of  these  in  the  case  of  plane  mirrors  is  very  simple.  The 
rays  of  light  coming  from  the  object  before  the  mirror  make  with  the 
latter  an  angle  of  reflection  equal  to  the  angle  of  incidence,  and  so  come 

*  Compare  with  page  33. 
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to  the  eye.  But  the  eye  always  sees  objects  in  the  direction  from  which 
the  rays  reach  it,  so  that  the  image  appears  in  the  prolongation  of  the 
reflected  ray,  and  at  a  distance  back  of  the  mirror^ exactly  equal  to  that 
of  the  object  from  it  in  the  other  direction.  The  image,  therefore,  is  not  a 
real  one  formed  by  the  reflected  rays  themselves,  but  an  apparent  or 
virtual  image  only.  It  is  also  a  reversed  image  as  regards  right  and  left, 
as  is  shown  when  printed  matter  is  held  before  a  mirror.  Wood-cuts  and 
type  must  therefore  be  made  in  reversed  position.  Held  before  a  mirror 
the  image  shows  as  a  printed  impression  from  the  type  will  appear. 

The  ordinary  glass  mirror  has  in  reality  two  reflecting  surfaces,  that  of 
the  glass  and  that  of  the  metallic  backing  of  the  glass.  Ordinarily  we  see 
only  the  one  image,  because  the  metallic  backing  is  a  much  better  re- 
flector than  the  glass  surface,  but  we  can  readily  get  the  double  image  by 
placing  the  point  of  a  pencil  against  the  glass  surface,  when  the  double 
image  allows  us  to  judge  of  the  thickness  of  the  glass. 

Transparent  bodies  the  surface  of  which  is  smooth  may  reflect  light 
quite  regularly  at  times,  and  so  form  distinct  images.  An  illustration  of 
this  is  seen  in  the  reflection  of  foliage  and  other  objects  in  the  still  waters 
of  a  clear  stream  or  pond. 

All  the  images  thus  far  spoken  of  have  been  formed  with  plane  mirrors, 
and  have  been  virtual  images.  With  concave  mirrors  of  glass  or  polished 
metal  the  reflected  rays  themselves  may  be  made  to  unite  to  form  an 
image,  which  is  therefore  a  real  image  and  is  seen  on  the  same  side  of  the 
mirror  as  the  object  itself.  This  image,  formed  by  the  reflection  of  the 
rays  themselves,  will,  however,  be  inverted,  because  the  rays  from  dif- 
ferent parts  of  the  object  after  reflection  must,  assume  relatively  re- 
versed positions  with  reference  to  each  other.  The  focus  of  a  spherical 
concave  mirror  is  a  point  to  which  the  reflected  rays  tend  to  converge. 
If  the  incident  rays  are  parallel  to  the  axis  of  the  spherical  mirror,  the 
focus  is  called  the  principal  focus.  When  the  object  is  farther  from  the 
mirror  than  the  principal  focus,  the  image  will  be  inverted  and  real,  as 
well  as  smaller  than  the  object;  when  the  object  is  between  the  principal 
focus  and  the  mirror,  the  image  is  virtual  and  erect,  as  well  as  larger. 

With  convex  mirrors  we  have  virtual  images  only,  appearing  behind  the 
mirror,  erect  and  smaller  than  the  object. 

III.    Refraction  of  Light. 

X.  Theory  of  Refraction. — When  light  passes  obliquely  from  one 
transparent  medium  into  another  of  different  density,  as  from  air  to 
water,  it  is  bent  from  its  course,  or  refracted.  The  rule  for  this  refraction 
is,  when  light  passes  from  one  medium  into  a  denser  medium,  it  is 
bent  toward  a  perpendicular  line;  when  it  passes  into  a  rarer  medium 
it  is  bent  away  from  the  perpendicular  line. 

The  phenomena  of  refraction  may  be  illustrated  in  the  experiment  shown  in 
Pig.  36.  In  a  vessel,  place  a  coin  in  such  a  ixjsition  (b)  that  it  is  just  hidden  by 
the  edge  fat  c)  from  the  observer  looking  obliquely  from  the  side  (s),  then  fill  the 
vessel  with  water  and  the  coin  becomes  visible.     1* he  reflected  ray  of  vision  (b  c) 
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Refraction  of  light. 


on  emerging  from  the  water  into  the  air  is  bent  away  (c  s)  from  the  perpendicular, 
and  the  eye  sees  the  object  in  the  prolongation  of  the  ray  (s  c  a). 

As  examples  :  When  a  rod  is  partly   immersed  obliquely   in  water, 

the  immersed  end  appears  to  be 
F'^c.  36-  bent  towards  a  line  perpendicular 

to  the  surface.  Owing  to  the  in- 
creasing density  of  the  layers  of 
air  nearer  the  earth's  surface,  the 
rays  of  light  from  the  stars  and 
sun  (when  setting),  become  bent 
downwards  so  that  these  objects 
appear  higher  than  they  really 
are,  being  seen  even  when  below 
the  horizon. 
The  angle  made  by  the  incident  ray  of  light  with  the  perpendicular  is 
called  the  angle  of  incidence;  that  made  by  the  refracted  ray  with  the 
perpendicular  is  called  the  angle  of  refraction.  The  ratio  between  the 
lines  of  these  two  angles  is  called  the  index  of  refraction,  and  varies 
with  the  medium.* 

When  light  passes  from  a  denser  into  a  rarer  medium  the  angle  of  re- 
fraction is  greater  than  the  angle  of  incidence.  When,  in  such  a  case,  the 
angle  of  refraction  becomes  90®,  the  angle  of  incidence  is  called  the  critical 
angle,  because  when  the  angle  of  refraction  becomes  greater  than  90°  the 
refracted  ray  will  not  emerge,  but  will  be  reflected 
back  again  from  the  surface  of  the  denser  medium . 
This  is  called  total  reflection,  and  is  more  complete 
than  the  ordinary  reflection  of  light,  where,  because 
of  the  imperfection  of  the  reflecting  surface,  some 
light  is  always  irregularly  reflected  or  diffused.  The 
phenomena  of  total  reflection  can  be  easily  shown 
by  means  of  goblets  of  water  or  a  glass  cube  such 
as  is  often  used  for  a  paper-weight  or  inkstand. 
Objects  below  the  goblet  or  cube  are  invisible 
through  the  side  faces,  because  of  this  total  reflection.  Total  reflecting 
prisms  (Fig.  37)  are  frequently  used  in  optical  instruments,  becatise 
they  reflect  the  rays,  without  loss,  in  any  desired  direction. 

The  mirage  seen  in  the  desert  and  at  times  at  sea  is  an  optical  illusion, 
by  which  inverted  images  of  distant  objects  are  seen  as  if  below  the  ground 
or  in  the  atmosphere,  and  is  based  upon  total  reflection,  owing  to 
the  unequal  density  of  the  several  layers  of  the  atmosphere  through 
which  the  rays  of  light  pass. 

2,  Prisms  and  Lenses. — A  prism  is  any  transparent  refracting 
medium  bounded  by  planes  inclined  to  each  other.     The  angle  (mon, 
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Fig.  38)  made  by  the  two  sides  through  which  the  light  enters  and 
emerges  is  called  the  angle  of  refraction  of  the  prism.  Both  flint  and 
crown  glass  are  in  use  as  materials  for  prisms,  but  the  former  possesses  the 
higher   refracting  power.     We  may  p,(.  ^ 

note  two  effects  of  prisms  upon  light   ,l 
passing  through  them, —  H"^^^^ 

1 .  Light  of  any  kind  is  refracted  or  ■ '  ~^~,^ 
bent  out  of  its  course.  A  ray  of  light 
(  r  a.  Fig.  38)  falling  on  the  prism,  o 
m  n.  IS  refracted  towards  the  perpen- 
dicular and  passes  through  in  the 
direction  a  b;  here,  in  passing  from 
a  denser  into  a  rarer  medium,  it  i 
refracted  from  the  perpendicular  in  ' 
the  direction  b  c.  The  eye  at  c  sees 
the  object  r  backward  along  the  ray  c  b.  so  that  it  appears  at  l. 

2.  White  light  is  dispersed  into  a  band  or  spectrum  of  colors.  This 
second  eflect  will  be  noted  on  page  77- 

Lenses  are  transparent  media,  usually  of  glass,  which  from  the 
curvature  of  their  surfaces  have  the  power  of  causing  luminous  rays 
either  to  converge  or  diverge.  The 
combination  of  spherical  surfaces, 
either  with  each  other  or  with 
plane  surfaces,  gives  rise  to  six 
kmds  of  lenses,  which  are  illustrat- 
ed in  Fig.  39.  A  is  a  double  convex, 
B  a  plano-convex,  c  a  concavo-con- 
vex or  converging  meniscus,  d  a 
double  concave,  e  a  plano-concave. 
and  F  a  convexo-concave  or  diverging  meniscus. 

The  first  three,  which  are  thicker  in  the  centre  than  on  the  edges,  are 
-  converging  in  their  effect  on  rays  of  light;  the  others,  which  are  thinner 
in  the  centre,  are  diverging. 

A  line  drawn  through  the  centre  of  a  lens,  as  p  p'.  Fig.  40,  is  called  its 
axis:  a  double  convex  lens  will  bring  parallel  rays  of  light  a  and  6  to  a 
point  along  this  axis  which  is  called  the  principal  focus,  f.    The  distance 


from  the  middle  of  the  lens  c  to  the  principal  focus  /  is  called  its  focal 
length.  This  may  be  ascertained  by  focussing  the  rays  of  sunhght  on  a 
piece  of  paper.    Now,  if  a  candle  be  placed  at  p,  its  rays  diverge  to  the 
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lens  c.  and  will  be  brought  to  a  focus  at  p',  beyond  the  principal  focus;  if 
the  light  is  placed  at  p',  the  rays  focus  at  p:  these  two  exchangeable  fod 
are  called  cmi jugate  foci.  Again,  if  the  source  of  light  be  placed  at  the  prin- 
cipal focus  of  the  lens,  /,  the  refracted  rays  a  and  b  will  be  parallel;  if  the 
source  of  light  be  inside  the  principal  focus,  the  refracted  rays  will  diverge. 

Images  prodi4ced  by  Convex  and  Concave  Lenses. — According  as  the 
object  observed  is  placed  beyond  or  within  the  principal  focal  distance 
of  a  convex  lens,  we  observe  the  following: 

I.  A  large  object  at  some  distance  from  a  convex  lens  produces  a  small 

Fig.  41. 


Double  convex  lens  images. 


real  inverted  image  a  little  beyond  the  principal  focus  of  the  lens.  Thus,  in 
Fig.  41,  a  fe  represents  the  object  and  a  b  the  image.  The  rays  cross  one 
another  in  passing  through  the  lens;  hence  the  image  is  inverted.  An 
example  of  this  is  the  photographic  camera.    Fig  42  illustrates  the  mag- 
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Double  convex  lens  images. 


nification  that  takes  place  in  the  object-glass  of  a  telescope,  the  object 
a  b  being  at  a  very  great  distance  beyond  the  focal  distance  of  the  lens. 

2.  If  an  object  be  placed  between  a  convex  lens  and  its  principal  focus,  an 
enlarged  upright  virtual  image  is  produced,  and  is  apparently  seen  at  a 


Fig.  43. 
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Simple  nucTosco|>e. 


greater  distance  from  the  lens  than  the  object.  Thus,  a  b.  Fig.  43,  represents 
the  object  placed  within  the  principal  focus,  f;  the  eye  observes  the 
image  a  b,  at  a  6,  through  prolongation  of  the  emergent  rays  a  d  and  b  b 
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to  D  a  and  b  b.    Suv,n  a  double  convex  lens  of  short  focus  is  called  a  simple 
microscope. 

3.  Concave  lenses  produce  virtiuU  erect  images  smaller  than  the  object. 
Thus,  A  B,  Fig.  44,  is  the  object,  and  the  rays  coming  from  a  are  deviated 
so  as  to  appear  to  come  from  a,  situated  on  a  line  drawn  from  a  to  the 

Fig.  44. 


Double  concave  lens  image. 

optical  centre  o;  because  the  rays  passing  through  the  lens  diverge 
and  the  eye  following  these  observes  a  smaller  image  at  a  6;  likewise, 
rays  from  b  appear  to  come  from  6,  on  the  line  b  o  ;  hence  a  6  is  the 
image  of  the  object  a  b. 

3.  Decomposition  of  White  Light — Spectrum. — We  have  already 
referred  to  the  fact  that  the  effect  of  a  prism  upon  a  beam  of  light  passing 
through  it  is  twofold, — that,  in  addition  to  the  refraction  or  bending 
from  its  course,  white  light  is  decomposed  into  a  series  of  colored  rays. 
The  explanation  of  this  is.  that  the  rays  which  make  up  solar  and  other 
varieties  of  white  light  are  not  equally  refrangible,  and  hence  in  passing 
through  a  prism  they  are  dispersed  and  form  a  band  of  colors  known  as  a 
prismatic  spectrum.    The  phenomenon  is  called  dispersion. 

This  same  spectrum  is  produced  when  rays  of  light  are  made  to  pass  through 
narrow  interstices,  or  edges  of  an  opening,  or  through  glass  ruled  closely  with 
parallel  lines.  The  phenomenon  is  called  diffraction ^  and  the  spectrum,  diffr active 
spectrum. 

If  a  beam  of  white  light,  s,  be  allowed  to  fall  upon  a  prism,  p  (Fig. 
45),  it  will  undergo  dispersion  into  its  component  wave-frequencies  (of 
which  it  is  composed),  in  the  order  of  their  respective  refrangibilities, 
the  violet  being  deviated  the  widest,  followed  in  order  by  indigo,  blue, 
green,  yellow,  orange,  and  red,  which  is  deviated  the  least.  The  result  is 
that,  instead  of  a  spot  of  white  light  appearing  on  the  floor,  e,  a  band  of 
seven  colors  appears  upon  the  wall  or  a  screen  placed  at  a  height  above. 

While  the  colors  of  the  solar  spectrum  merge  imperceptibly  into  one 
mother,  so  that  manv  tints  might  be  said  to  exist,  the  colors  cannot  be 
decomposed  further,  for  when  the  red  ravs  or  any  of  the  others  are  taken 
singly  and  passed  through  a  second  prism  they  are  uniformly  refracted 
and  give  a  spot  of  red  or  other  color.  These  colors  are,  therefore,  homo- 
geneous, and  light  composed  of  them  is  known  as  monochromatic  light. 

If  white  light  consists  of  a  mixture  of  these  variously  colored  rays 
(wave-frequencies),  then  if  they  be  recombined,  white  light  must  result. 
Thus,  if  the  spectrum  formed  by  one  prism  be  allowed  to  fall  upon  a  sec- 
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ond  prism  of  the  same  material  and  the  same  refracting  angle  as  t^e  first, 
but  inverted,  the  latter  reunites  the  several  colors  and  the  en  argent 
pencil  is  colorless.  A  concave  mirror  upon  which  the  spectrum  ;iiay  be 
cast  will  also  reunite  the  colors,  and  a  white  spot  will  be  formed  in  the 
focus  of  the  mirror. 

The  recomposition  of  white  light  from  the  culors  ^f  the  spectrum  may 
be  shown  most  strikingly  by  the  aid  of  Newton's  diok.  This  is  a  card- 
board disk  about  a  foot  in  diameter,  on  which  are  pasiod  alternate  seg- 
ments of  colored  paper  in  the  order  of  the  colors  of.the  spectrum.    When' 

Fic,  45- 


this  is  rotated  rapidly,  the  eye  receives  the  impression  nf  white  light.  This 
is  due  to  the  fact  that  the  sensation  is  of  longer  duration  than  the  im- 
pression from  which  it  results.  If  a  new  impression  acts  before  the  sensa- 
tion arising  from  the  former  one  has  ceased,  a  sensation  results  which 
consists  of  two  impressions.  If  the  time  is  sufficiently  short,  several 
impressions  may  be  mixed  with  one  another.  This  also  explains  the 
phenomenon  of  the  moving  lantern  pictures,  as  shown  in  the  cinemato- 
graph, bioscope,  etc. 

Complementary  Colors. — While  the  combination  of  all  the  colors  of  the 
Newton's  disk  produces  white  lifjht,  we  may  by  the  combination  of  in- 
dividual colors  get  numerous  composite  shades.  Thus,  if  we  remove  the 
red  from  the  set  of  colors,  on  combining  the  remaining  colors  we  get  a 
bluish-green.  This  is  then  said  to  be  the  complementary  color  to  red, 
because  when  united  with  it  white  is  produced.  Similarly,  purple  is  the 
complementary  color  to  green,  and  an  ultramarine  blue  to  the  yellow. 

It  must  not  be  understood  that  two  pigments  showing  such  colors 
complementary  to  each  other  when  mixed  yield  a  white  product,  but 
that  the   two   color  impressions  when  superposed   give  the   effect  of 
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white  light.  Thus,  if  chrome-yellow  and  ultramarine  blue  be  mixed, 
the  result  will  be  a  green  pigment,  while  a  yellow  and  a  blue  light  com- 
bine to  give  us  white  as  the  resultant. 

The  color  of  bodies  depends  upon  the  manner  in  which  they  act  upon 
white  light.  A  portion  of  the  rays  is  absorbed,  and  that  which  remains 
determines  the  color  of  the  body.  If  the  unabsorbed  rays  traverse  the 
body,  it  is  colored  and  transparent;  if,  on  the  contrary,  they  are  reflected, 
the  body  is  colored  and  opaque.  In  both  cases  the  kind  of  light  rays 
(wave-frequencies)  that  are  not  absorbed  gives  the  color.  If  a  body 
absorbs  all  the  colors,  it  is  black ;  if  it  reflects  or  transmits  all,  it  is  white  or 
colorless.    A  body  appears  blue  when  it  absorbs  all  the  colors  except  blue. 

4.  Spectrum  Analysis — Spectroscope. — The  examination  of  the 
light  from  different  luminous  bodies  by  the  aid  of  a  prism  has  led  to  impor- 
tant discoveries  as  to  the  nature  of  the  light  and  the  luminous  bodies. 
This  study  has  been  made  possible  by  the  aid  of  the  spectroscope,  first 
proposed  by  Bunsen  and  Kirchhoff .  A  sectional  view  of  this  instrument 
is  given  in  Fig.  46.  The  rays  from  the  source  of  light,  c,  passing  through 
a  narrow  sUt  and  falling  upon  the  lens  a,  are  made  to  converge  at  /?.  the 
principal  focus  of  the  lens  c,  so  that  they  are  thrown  as  parallel  rays  upon 

Fig.  46. 


Spectroscope. 

the  prism  p.  After  refraction,  they  fall  upon  the  lens  x\  which  forms  a 
real  and  reversed  image  of  the  spectrum  at  i.  This  is  magnified  by  the 
eye-piece  so  that  a  virtual  image  is  formed  at  s  s^  much  enlarged.  The 
third  arm  of  the  instrument,  c,  is  for  the  purpose  of  throwing  upon  the 
prism,  and  so  into  the  observing  telescope,  an  image  of  a  micrometer 
scale  which  has  been  photographed  upon  glass  at  n.  By  its  means  the 
relative  position  of  lines  or  bands  seen  in  the  spectrum  can  be  determined. 
When  examined  by  the  aid  of  such  a  spectroscope,  we  find  that 
luminous  bodies  are  capable  of  yielding  three  different  kinds  of  spectra. 
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If  the  light  from  a  white-hot  solid  or  liquid  body  be  examined,  a 
continuous  band  of  all  the  colors  from  red  to  violet  will  be  observed. 
Such  a  spectrum  is  called  a  continuous  spectrum.  When  the  glowing 
body  is  in  the  condition  of  gas  or  vapor,  we  have  a  series  of  bright  lines 
or  bands  against  a  black  backgroimd.  This  is  termed  a  bright-line  spec- 
trum. When,  however,  sunlight  is  examined  by  the  spectroscope,  the 
continuous  spectrum  appears  crossed  by  hundreds  of  dark  lines.  The 
light  from  the  fixed  stars  is  similar,  and  such  spectra  are  called  absorp- 
tion spectra.  The  dark  lines  of  the  solar  spectnun,  known  as  Fraunhofer's 
lines,  were  first  fully  explained  by  Bunsen  and  Kirchhoflf,  who  proved 
that  many  of  them  corresponded  to  the  bright  lines  obtained  in  the 
spectra  of  the  vapors  of  such  metals  as  sodium,  calcium,  iron,  etc. 

They  therefore  suggested  the  following  explanation  of  the  solar  spec- 
trum. The  sun  is  probably  an  intensely  glowing  solid  or  liquid  mass 
(chromosphere).  This  would  give  a  continuous  spectnun  without  either 
bright  or  dark  lines.  But  the  glowing  mass  is  surrounded  by  an  at- 
mosphere ( photosphere )  containing  cooler,  brilliant  metallic  vapors. 
These  vapors  would  absorb  light  of  the  same  kind  as  they  emit,  and 
hence  dark  lines  show  in  the  spectrum  in  the  same  position  as  those 
occupied  by  the  ordinary  bright  lines  of  these  metallic  vapors.  This 
theory  has  been  rendered  very  probable  by  experiments  in  which  the 
bright  lines  of  elements  like  sodium  have  been  reversed  and  caused  to 
appear  as  dark  lines  by  passing  the  light  from  a  very  hot  soditim  flame 
through  a  cooler  flame  of  the  same  vapor.  We  can  also  increase  the 
natural  absorption  by  causing  the  sun's  light  to  pass  through  more 
sodium  vapor  placed  in  front  of  the  spectroscope  slit. 

The  study  of  the  spectra  of  various  elements,  and  the  acciu^ate  mapping 
of  the  dark  lines  of  the  solar  spectrum,  show  that  a  large  niunber  of  the 
metals  known  to  us  on  the  earth  occur  as  vapors  in  the  sun's  atmosphere. 

With  the  aid  of  this  method  of  spectrum  analysis  chemists  have  dis- 
covered a  number  of  new  and  relatively  rare  metals,  such  as  caesium, 
rubidium,  thallium,  indium,  gallium,  and  scandium.  It  has  also  furnished 
an  invaluable  means  of  detecting  impurities  in  chemical  preparations 
which  would  otherwise  escape  notice. 

Absorption  spectra  of  a  somewhat  different  character  are  also  obtained 
when  solutions  of  haemoglobm  or  coloring  matters  like  chlorophyll, 
haematein,  etc.,  are  placed  in  glass  cells  and  interposed  between  a  source 
of  light  and  the  slit  of  the  spectroscope.  Broad  absorption  bands  show, 
extinguishing  at  times  the  whole  violet  end  of  the  spectnun. 

IV.    Optical  Instruments  based  upon  the  use  of  Lenses. 

I.  The  Microscope. — The  simple  microscope,  as  we  have  seen,  is 
merely  a  double  convex  lens  of  short  focus,  by  means  of  which  we  can 
look  at  objects  placed  between  the  lens  and  its  principal  focus.  The 
image  produced  is  an  erect  and  magnified  virtual  image  of  the  object 
In  the  simple  microscope  the  measure  of  the  linear  magnification  pro- 
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Fig.  47. 
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duced  is  the  ratio  of  the  apparent  diameter  of  the  image  to  that  of  the 
object,  while  the  superficial  magnification  is  the  square  of  this  ratio.  The 
compoimd  microscope  consists  essentially  of  two  condensing  lenses  :  one 
with  extremely  short  focus,  called  the  object-glass  or  objective,  because 
it  comes  down  inmiediately  over  the  object;  the  other  acts  simply  as  a 
means  of  magnifying  the  image  formed  by  the  first  and  is  called  the  eye- 
piece. The  method  of  combining  these  lenses 
and-the  formation  of  images  by  means  of  them 
is  illustrated  in  Fig.  47.  In  this  case  the  ob- 
jective, o,  consists  of  three  small  condensing 
lenses,  which  together  act  like  a  single  very 
powerful  lens.  The  object  is  placed  on  the 
stage,  and  the  rays,  passing  through  an  ad- 
ditional lens  at  n,  inserted  here  to  render  the 
image  achromatic,  form  a  real  and  magnified 
im^e  at  a  a'.  This  image  is  then  magnified 
by  the  lens  o  and  a  much  magnified  virtual 
image  is  formed  at  a  a'.  The  two  lenses  n  and 
o  together  constitute  in  this  case  the  eye-piece, 
just  as  the  three  small  lenses,  o,  constitute 
the  objective.  The  magnifying  power  of  the 
compound  microscope  is  obtained  by  multi- 
plying the  magnifying  power  of  the  objec- 
tive by  that  of  the  eye-piece.  Thus,  if  the 
magnifying  power  of  the  lens  o  is  50  diam- 
eters and  that  of  the  lens  o  is  4  diameters, 
the  image  seen  will  be  magnified  200  diame- 
ters, or  the  superficial  enlargement  will  be 
40,000  times  the  natural  size  of  the  object. 
The  d^ree  of  magnification  is  often  deter-  Compound  microscope. 

mined  experimentally  by  means  of  a  micrometer  eye-piece  fitted  to  the 
microscope. 

Spherical  Aberration. — Thus  far  it  has  been  assumed  that  all  the  rays 
of  light  in  passing  through  a  convex  lens  meet  at  the  same  focal  point  on 
the  other  side.  This  is  correct  for  lenses  whose  aperture  is  not  greater 
than  10°.  When  larger,  it  will  be  found  that  those  rays  which  pass 
through  the  edges  of  the  lens  are  refracted  more  than  those  passing 
through  the  centre.  This  results  in  scattering  the  rays  from  the  focus, 
producing  an  indistinct  image.  This  is  called  spherical  aberration,  and  can 
be  corrected  by  placing  in  front  of  the  lens  diaphragms  provided  with 
roimd  apertures  in  the  centre,  called  stops,  which  cut  off  the  rays  from  the 
edges  and  allow  only  the  passage  of  the  central  ones  nearly  parallel  to 
the  axis.  A  great  sharpness  of  definition  is  gained,  but  brightness  of 
illumination  is  thereby  diminished.  Such  stops  are  seen  in  the  caps  cover- 
ing the  eye-piece  of  the  microscope ;  also  in  the  opera-glass  and  telescope. 
In  the  photographic  lens  the  stops  are  adjustable,  owing  to  the  necessity 

of  employing  apertures  of  different  sizes. 
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Chromatic  Aberration. — Since  a  lens  may  be  considered  as  a  com- 
bination of  an  infinite  number  of  prisms,  it  not  only  refracts  light,  but 
also  decomposes  (disperses)  it,  like  a  prism,  into  different-colored  rays  of 
different  degrees  of  refrangibility,  which  produce  a  confused  coloration 
of  the  margins  of  the  images.  This  scattering  of  the  colored  rays  to 
different  foci  is  called  chromatic  aberration.  It  may  be  corrected  by 
employing  an  achromatic  combination,  in  which  two  lenses  of  tmequal 
dispersive  power  are  fitted  together,  one  being  the  double  convex 
(converging)  lens  of  crown  glass,  while  the  other  is  a  concave  (diverg- 
ing) lens  of  flint  glass.  Such  achromatic  combinations  are  seen  in  l, 
Fig.  47,  which  are  enlarged  representations  of  the  objectives,  o. 

2.  The  Telescope  is  a  combination  of  two  or  more  lenses  to  enable 
one  to  view  distant  objects, — that  is,  it  increases  the  angle  under  which 
the  object  is  seen.    It  consists  of  a  large,  double  convex  object-lens,  o.  Fig. 

Fig.  48. 


Astronomical  telescope. 


48,  which  forms  an  inverted  image  of  the  distant  object  at  its  focus.  This 
is  in  turn  enlarged  by  the  plano-convex  lens,  e,  which  serves  as  eye-piece. 
For  astronomical  purposes  the  object-glass  is  made  as  large  as  possible, 
in  order  to  secure  the  greatest  amount  of  light  in  observing  faint,  distant 
objects.  The  greater  the  diameter  of  the  objective  the  longer  is  its  focal 
length;  thus,  the  Yerkes  40-inch  objective  has  a  focal  length  of  about  64 
feet.  To  find  the  magnifying  power  divide  the  focal  length  of  the  object- 
glass  by  that  of  the  eye-glass.  The  terrestrial  telescope,  or  spy-glass, 
differs  from  the  astronomical  in  having  two  additional  condensing  lenses, 
which  restore  the  inverted  image  to  the  erect  position.  The  Galileo  tele- 
scope, now  used  in  the  form  of  the  opera-glass,  consists  of  a  double  convex 
lens,  which  collects  the  rays  from  an  object,  and  a  concave  (divergent) 
eye-piece,  which  serves  to  make  the  convergent  rays  of  the  objective 
parallel,  producing  an  erect,  virtual,  and  magnified  image. 

3.  The  Lantern  and  Camera. — The  projecting  lantern,  or  stereop- 
ticon,  is  used  for  throwing  magnified  images- on  a  screen  in  a  darkened 
room.  It  consists  of  a  closed  box  of  metal  in  which  is  placed  a  strong 
oil  lamp  provided  with  a  reflector  or  a  lime  or  arc  light.  In  the  front  of 
the  box  are  fixed  one  or  two  plano-convex  lenses  which  converge  the  light 
upon  the  lantern-slide,  which  is  a  photograph  upon  glass.  Beyond  tiuVt 
a  double  convex  focussing  lens  is  placed  so  that  the  slide  shall  be  a  little 
beyond  its  principal  focus.  The  lens  will  then  produce  a  real,  inverted, 
and  enlarged  image  upon  a  screen  placed  at  a  suitable  distance.  To  get 
the  image  in  proper  position  the  lantern-slide  is,  of  course,  put  in  an  in- 
verted position.    The  image  on  the  screen  will  be  the  more  magnified  ait 
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.;   the  slide  approaches  the  principal  focus  of  the  lens,  which  is,  therefore,  set 
^  so  as  to  be  moved  to  and  fro. 

j^  In  the  photographic  camera  we  have  the  reverse  of  the  projecting 
J.  lantern.  It  is  a  dark  chamber  with  a  convex  lens  in  front  and  a  screen  at 
]^  the  back  on  which  to  form  an  image  of  objects  in  front  of  and  outside  of 
~  the  camera.  This  image  is  real,  inverted,  and  usually  smaller  than  the 
•    object.    It  is  visible  to  the  operator  back  of  the  camera,  as  the  screen  is 

made  of  ground  glass,  which,  when  side  light  is  shut  out,  is  semi-trans- 

parent.     In  order  to  form  a  sharp    image  the  lens  is  given  a  movement 

to  and  fro,  and  the  screen  at  the  rear  of  the  camera  box  is  also  capable  of 

a  forward  and  backward  movement  by  means  of  a  rack  and  pinion.    When 

]    a  clearly  defined  image  is  obtained,  a  cap  is  put  in  front  of  the  lens,  the 

,  ground-glass  screen  is  removed,  and  a  plate-holder  containing  a  sensitized 

glass  plate  is  slipped  into  its  place.    This  brings  the  photographic  plate 

exactly  in  the  position  of  the  screen,  and  the  image  will  be  cast  upon  it. 

The  slide  in  front  of  the  plate-holder  is  then   drawn  out  and  the  cap 

removed  from  the  lens,  when  the  reflected  rays  of  light  quickly  act  upon 

the  sensitive  surface. 

4.  The  Eye  as  an  Optical  Instrument. — The  human  eye  is  a  camera, 

and  the  retina  the  sensitive  surface  upon  which  images  are  constantly 

formed  to  be  communicated  by  the  optic  nerve  to  the  brain. 
The   outer  covering  of  the  eyeball,  the  Fic.49. 

sclerotic  coating  (b,  Fig.  49),  or  white  of  the 

eye,  is  quite  firm  and  constitutes  the  frame 

of  this  camera.     Inside  of  this  is  the  choroid 

coating,  c,  which  gives  to  the  interior  of  the 

eye  the  black  lining  necessary  for  absorbing 

all    useless  or  diffused  rays.     In  front  we 

have  the  transparent  cornea,  a,  set  in  like  a 

watch-crystal ;  the  colorless  and  transparent 

aqueous  humor,  g,  filling  the  space  between 

the  cornea  and  the  crystalline  lens,  f;  and  ^ 

back  of  this  the  jelly-like  vitreous  humor,  h, 

filling    the   whole   remaining   cavity.  Cross-section  of  eye. 

In  front  of  the  crystalline  lens  we  have  the  iris,  it,  a  diaphragm  with 
a  circular  opening  which  can  be  widened  or  contracted  at  will  by  muscu- 
lar effort,  the  opening  constituting  the  pupil  of  the  eye ;  and  spread  out 
over  the  rear  of  the  cavity  is  the  retina,  d,  which  is  the  sensitive  plate  of 
the  camera,  and  by  its  connection  with  the  optic  nerve  conveys  its  im- 
pressions to  the  brain. 

The  eye,  like  the  camera,  requires  to  be  focussed  according  to  the 
varying  distance  of  the  object.  This  is  effected  mainly  by  a  change  in  the 
curvature  of  the  front  of  the  lens.  For  instance,  by  a  strong  pressure  of 
the  ciliary  muscles  at  either  edge  of  the  crystalline  lens  the  curvature  is 
increased,  thus  accommodating  the  eye  for  viewing  near  objects.  When 
this  muscular  effort  is  relaxed,  the  lens  again  becomes  flatter  and  is  in 
adjustment  for  more  distant  objects.     The  eye  is,  therefore,  rested  b^ 
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fixing  it  on  objects  at  some  distance.  If  the  eye  be  now  considered  as  an 
optical  instrument,  we  will  see  that  its  crystaUine  lens,  being  a  double  con- 
vex lens,  must  form  real  and  inverted  images  of  objects  placed  before  us. 
That  the  images  fonned  on  the  retina  of  the  eye  are  inverted,  has  been 
shown  experimentally  with  the  eyes  of  albinos,  in  which,  on  account  of  the 
absence  of  thechoroidcoating,  the  image  is  visible.  The  brain  restores  all 
these  inverted  images  to  the  natural  position  without  apparent  effort. 

The  distance  of  distinct  vision  varies  greatly  in  different  individuals. 
For  small  objects  like  print  the  normal  distance  is  from  ten  to  twelve 
inches. 

Persons  who  see  distinctly  only  at  a  short  distance  are  called  ttear- 
sighted,  and  those  who  see  distinctly  only  at  a  long  distance  are  called 
long-sighted.  The  usual  cause  of  near-sightedness  is  a  too  great  con- 
vexity of  the  cornea  or  the  crystalline  lens,  in  consequence  of  which  the 
rays,  instead  of  forming  an  image  on  the  retina,  are  focussed  at  a  point 
in  front  of  it.  The  remedy  is  found  in  the  use  of  diverging  glasses,  which 
tend  to  throw  the  focus  farther  back  and  so  bring  it  upon  the  retina.  The 
cause  of  long-sightedness  is  an  insufficient  convergency  of  the  lens  of  the 
eye  and  consequent  formation  of  images  at  a  point  back  of  the  retina. 
With  advancing  age  especially  the  crystalline  tends  to  become  flatter. 
The  remedy  is  the  use  of  convei^ng  glasses,  which  aid  in  bringing  the 
rays  to  a  focus  exactly  upon  the  retina. 

V.    Double  Refraction  and  Polarization. 

I.  Double    Refraction. — All  crystalline    solids   not    of   the  regular 

system  possess  more  or  less  the  property  of  dividing  (bifurcating)  an 

incident  ray  which  passes  through  them  into  two  distinct  rays,  which 

undergo  unequal  refraction  and  produce  two  images.    This  phenomenon, 


^^^, 


Double  refraction.  Double  refnctkn. 

possessed  in  greatest  degree  by  Iceland  spar,  is  known  as  double  refrac- 
tion, and  is  caused  by  inequalities  in  the  grouping  of  the  molecules  of  the 
body  which  impart  different  degrees  of  elasticity  in  different  directions. 
As  a  consequence,  the  transmitted  light  wave  is  divided  into  two  parts, 
which  advance  with  unequal  velocities;  one  (a  d  c,  Fig.  50)  follows  the 
common  law  of  refraction,  and  is  called  the  ordinary  ray,  while  the  other 
(a  b)  does  not,  and  is  called  the  extraordinary  ray.  This  may  be 
illustrated  (Fig.  sO  by  placing  a  crystal  of  Iceland  spar  over  a  black  spot 
or  printed  matter,  and  the  images  will  appear  double,  the  orduuiy 
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image  seemingly  nearer  the  eye  than  the  other.  Now,  if  the  crystal  be 
turned  around  while  still  lying  on  the  paper,  it  will  be  observed  that  one 
image  (the  ordinary)  remains  fixed  in  position  and  the  other  (the  ex- 
traordinary) describes  a  circle  around  it. 

2.  Polarization  of  Light. — According  to  the  undulatory  theory  of 
light,  the  particles  of  ether  through  which  a  ray  of  light  is  propagated 

vibrate  in  a  variety  of  planes  perpendi- 
cular to  the  hne  of  propagation.  When 
this  light  is  polarized,  the  vibrations  of 
the  ether  particles  take  place  in  a 
single  plane  perpendicular  to  the  line 
of  propagation.  The  unaided  eye  can- 
not distinguish  between  them,  but  a 
variety  of  means  exist  by  which  the  dif- 

.__.^ ference  can  be  demonstrated. 

^yC^^  Polarization    may    be   of  two   kinds, 

>  plane  or  circular,  according  as  the  pro- 

poiariration  by  reflection.  pagating  wave  is  made  up  of  particles 

vibrating  in  parallel  planes  or  of  those  describing  circles. 

Plane  Polarization  may  be  produced  by  reflection  or  refraction,  (a) 
By  reflection.  When  a  ray  of  light  falls  at  an  angle  on  any  non-metallic 
polished  surface,  such  as  wood,  ivory,  unsilvered  glass,  quartz,  etc.,  it 
undergoes  polarization  in  the  plane  of  reflection. — that  is,  all  the  re- 
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Vibnitiofis  of  ordinary  and  extraordinary  ra>'s. 

fleeted  waves  (c  6,  Fig.  52)  vibrate  in  the  same  or  parallel  planes;  hence 
are  polarized.  The  other  waves,  vibrating  in  different  planes,  pass 
through  or  are  absorbed.  The  completeness  of  polarization  depends 
upon  the  angle  which  the  incident  ray  makes  with  the  normal  (perpen- 
dicular) to  the  plane  surface.  For 
glass  this  angle  is  54^3  5^  for  water 
52^45',  for  diamond  68®.  Light  is 
also  more  or  less  polarized  by  reflec- 
tion from  water,  from  the  clouds, 
and  from  all  objects  which  aid  in  ^'^°^''  p"^'"^' 

diffusing  light.  (6)  By  refraction.  It  has  been  shown  under  double 
refraction  that  certain  crystals  have  the  power  of  bifurcating  (polar- 
izing) ordinary  light  into  two  rays  (ordinary  and  extraordinary),  which 
vibrate  in  planes  at  right  angles  to  each  other,  as  shown  in  Fig.  53. 
One  of  these  rays  (the  ordinary),  which  is  more  retarded  in  passing 
through  the  crystal,  may  be  entirely  suppressed  and  a  single  polarized 
ray  transmitted  by  means  of  what  is  known  as  a  Nicol's  prism.     This 
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consists  of  a  rhombohedron  of  Iceland  spar  which  has  been  cut  through 
its  short  axis  (ab,  Fig.  54)  and  cemented  together  in  the  same  position 
with  Canada  balsam.  The  light  ray  enters  from  c  and  undergoes  double 
refraction,  the  extraordinary  polarized  ray  passes  out  at  d,  while  the 
ordinary  ray  is  reflected  off  at  the  surface  of  the  balsam  near  a.  By 
means  of  this  Nicol's  prism  we  are  able  to  ascertain  whether  a  source 
of  light  is  polarized  or  not;  for.  on  rotating,  the  light,  if  polarized,  will 
produce  alternately  an  illuminated  or  dark  field  of  vision  at  every  turn 
of  90°.  A  combination  of  two  of  these  Nicol's  prisms  is  employed  in  the 
polariscope  (Fig.  56J:  one  produces  the  polarized  hght,  and  is  called 
the  polarizer;  while  the  other,  which  is  used  for  examining  this  light  by 
rotating,  is  called  the  analyzer. 

Plates  cut  from  the  mineral  tourmaline  also  serve  for  polarizing  light. 
Fig.  SS  represents  two  thin  plates,  which,  if  so  placed  that  the  axes  are 
P,^  ,j  parallel,  will  cause  polarization  of  the  beam  of 

light  that  passes  through.  Now.  if  the  upper 
plate  (the  analyzer)  is  slowly  turned,  the  po- 
larized light  passing  through  is  gradually  inter' 
ccpted  and  becomes  feebler  until  the  axes  are 
perpL'ndicular  to  each  other,  when  total  dark-  I 
ness  ensues.  These  may  be  used  for  examining 
polarized  light,  hke  the  Nicol's  prism. 
Circular  Polarization. — If  a  beam  of  plane  polarized  light  fall  upon  a 
plate  of  quartz  which  has  been  cut  at  right  angles  to  its  axis,  two  equal 
beams  will  be  produced  plane  polarized  at  right  angles  to  each  other. 
Since  the  extraordinary  ray  travels  over  a  longer  path  through  the  plate 
than  the  other,  it  is  one-quarter  of  a  wave  in  advance.  The  resulting 
motion  of  the  two  waves  will  be  circular,  like  that  of  a  turning  corkscrew. 
Circular  polarization  may  be  either  right-handed  (moving  in  the  direc- 
tion of  the  hands  of  the  watch) — called  dextrogyrate — or  left-handed 
(moving  in  the  opposite  direction) — called  Isevogyrate.  The  various 
systems  of  polariscopes  in  use  are  all  based  on  circular  polarization. 

3.  Applications  of  Polarized  Light. — By  the  aid  of  polarized  light 
we  are  able  to  distinguish  between  minerals  or  salts  of  different  crystal- 
lographic  systems,  and  determine  to  which  a  given  fragment  of  a  crystal 
may  belong.  Thin  slices  of  the  crystal  in  question,  if  examined  between 
two  Nicol's  prisms  or  between  the  tourmaline  plates,  will  show  rings  of 
color  in  case  the  crystal  belongs  to  any  other  than  the  regular  system. 

Those  belonging  to  the  tetragonal  or  hexagonal  systems  show  circular 
rings  on  which  appears  a  cross,  which  is  black  or  white  according  to  the 
position  of  the  analyzing  prism.  Such  crystals  are  called  uniaxial. 
Those  belonging  to  the  orthorhombic,  monoclinic,  or  triclinic  systems 
show  elliptical  rings  on  which  appear  black  or  white  bands  or  curves. 
Such  crystals  are  called  biuxial. 

Beautiful  colors  are  produced  by  the  action  of  polarized  light,  even 

when  the  object  is  not  definitely  crystallized.    Microscopes  are  frequently 

ded  with  a  set  of  two  Nicol's  prisms,  one  under  the  stage  and  the 
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Other  in  the  eye-piece,  in  order  that  the  delicate  structure  of  objects  can  be 
studied  under  polarized  light. 

Many  organic  substances,  as  sugars,  essential  oils,  alkaloids,  albumin, 
etc.,  show  a  characteristic  action  upon  the  ray  of  polarized  light,  rotating 
it  circularly  to  the  right  (dextro-rotatory)  or  left  (laevo-rotatory).  Such 
substances  are  said  to  be  optically  active.  The  polariscope  (Fig.  56)  is  an 
instrument  based  on  this  principle,  and  by  its  aid  the  strength  or  purity 
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Polariscope. 

of  these  various  substances  may  accurately  be  determined.  The  solution 
of  the  substance  to  be  examined,  contained  in  a  tube  with  glass  ends,  is 
placed  in  the  instnmient  between  the  polarizer  (the  prism  to  the  right 
below  the  figure)  and  the  analyzer  (the  prism  to  the  left) .  To  the  left  of 
the  analyzer  are  the  lenses  belonging  to  the  eye-piece ;  to  its  right  are  the 
long  quartz  wedges  of  opposite  rotatory  power.  For  a  description  of  the 
various  kinds  of  instruments  and  methods  of  operation  the  reader  is 
referred  to  special  works  on  this  subject. 


CHAPTER   VI. 

MAGNETISM. 

I.    Magnets,  Natural  and  Artificial. 

A  CERTAIN  black  mineral,  magnetite  (ferroso-ferric  oxide,  Fe^OJ, 
was  early  known  to  possess  the  property  of  attracting  iron  or  steel. 
It  was  known  as  magnes,  from  the  city  of  Magnesia,  in  Asia  Minor, 
near  which  it  was  first  discovered.  It  was  called  lodestone  ( from 
the  Saxon  loedan,  to  lead)  because  of  the  property  of  leading  or 
pointing  north  and  south  when  freely  suspended.  Fragments  of  this 
mineral  are  now  known  as  native  magnets,  and  the  property  thus 
manifested  is  called  magnetism.  Native  magnets,  however,  as  a  rule, 
have  been  replaced  in  experimental  work  by  the  smaller  and  more 
convenient  artificial  magnets  of  steel.  Soft  iron  can  also  be  magnet- 
ized, but,  as  we  will  see  later,  is  not  adapted  for  permanent  artificial 
magnets,  as  it  does  not  retain  the  power  as  well  as  steel.  These 
magnets  are  commonly  known  by  the  designations  bar  magnets,  mag- 
netic needles,  and  horseshoe  magnets.  The  latter  have  the  convenience 
that  because  of  their  shape  the  two  ends  of  the  magnet  are  near  each 
other,  and  can  be  readily  covered  by  a  piece  of  soft  iron,  known  as  an 
armature,  which  tends  to  strengthen  and  preserve  the  full  magnetic 
power  of  the  magnet.  It  is  found,  moreover,  that  in  a  steel  magnet  the 
magnetic  effect  does  not  penetrate  very  far,  so  that  several  bar  or  horse- 
shoe magnets,  separately  magnetized  and  then  riveted  together,  are 
more  powerful  than  a  single  magnet  of  the  same  size  as  the  compound 
one.     Most  powerful  are  the  electro-magnets  (page  io6). 

II.    Properties  of  Magnets. 

The  most  important  property  possessed  by  the  magnet,  either  natural 
or  artificial,  is  the  power  of  drawing  to  it  or  lifting  up  pieces  of  iron.  Iron 
is  not  the  only  metal  thus  drawn  to  the  magnet.  Nickel  and  cobalt  are 
also  attracted,  although  in  a  lesser  degree.  This  influence  of  the  magnet 
is  not  dependent  upon  the  presence  of  air,  nor  is  it  hindered  by  the  inter- 
position of  solids,  like  wood  or  glass.  The  attraction  takes  place  in  vacuo 
and  through  non-magnetic  solids  as  readily  as  imder  normal  conditions. 

Polarity. — A  piece  of  iron  is  attracted  with  unequal  intensity  by  the 
different  parts  of  a  magnet.  The  two  ends  possess  this  power  in  the 
highest  degree,  while  the  middle  of  the  bar  or  horseshoe  is  destitute 
of  attractive  influence.  This  is  seen  to  advantage  if  a  bar  magnet 
or  needle  is  dipped  into  iron  fihngs.  Thick  bunches  of  the  filings  will 
adhere  at  either  end,  while  the  central  part  of  the  bar  is  bare  and 
free  from  filings.  The  ends  of  the  magnets,  or  points  in  which  the 
magnetic  power  is  concentrated,  are  called  the  poles,  and  the  part  of  the 
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magnet  which  is  destitute  of  attractive  power  is  called  the  neutral  line  or 
equator.  Again,  if  a  magnetic  needle  or  bar  magnet  be  suspended  freely, 
we  shall  find  that  one  pole  will  always  point  to  the  north  and  the  other 
to  the  south.  Hence  we  designate  one  as  the  north  pole  and  the  other  as 
the  south  pole  of  the  magnet.  On  bar  magnets  they  are  usually  marked 
N  and  S,  while  on  the  magnetic  needle  the  north  pole  is  usually  arrow- 
pointed. 

III.    Laws  of  Magnetism. 

I.  Attraction  and  Repulsion. — If  the  two  poles  marked  N  of  two 
bar  magnets  be  brought  close  to  each  other,  we  find  no  evidence  of  any 
attraction,  and  if,  instead  of  two  bar  magnets,  we  take  a  freely  suspended 
or  oscillating  magnetic  needle  and  approach  its  pointed  (north)  end 
with  the  north  pole  of  a  bar  magnet,  we  find  an  actual  repulsion, — the 
north  pole  of  the  needle  is  repelled  while  the  two  are  yet  some  distance 
apart.  If,  on  the  other  hand,  the  pole  of  a  magnet  marked  N  be  ap- 
proached by  the  pole  of  another  magnet  marked  S,  the  two  are  attracted. 
and  on  touching  hold  together  strongly.  In  the  case  of  the  oscillating 
magnetic  needle,  a  pole  of  a  magnet  will  cause  the  end  of  the  needle  of 
opposite  name  to  swing  violently  toward  the  approaching  magnet.  These 
observations  are  summarized  in  the  law  of  magnetic  attraction:  Like 
poles  repel  and  unlike  attract  each  other. 

a.  Location  of  the  Magnetic  Power. — If  a  steel  bar  magnet  be 
broken  in  two  at  the  neutral  zone,  the  two  pieces  will  show  the  same 
polarities  as  the  original  magnet,  and  if  this  subdivision  be  continued 
until  broken  into  the  minutest  pieces,  the  same  condition  exists  in  each 
of  the  fragments.  According  to  this,  magnetic  influence  must  reside  in 
the  molecules  themselves,  so  that  no  mechanical  subdivision  can  de- 
prive them  of  this  property. 

3.  Magnetic  Induction.  —  A  piece  of  soft  iron  brought  close  to  a 
strong  magnet  is  affected  by  it  more  strongly  than  appears  in  the  simple 
attraction.  While  under  the  influence  of  the  original  magnet  it  becomes 
a  magnet  itself,  and  is  capable  of  attracting  and  repelling  another  piece 
of  iron,  according  to  the  laws  of  magnetic  attraction.  This  is  due  to  what 
is  termed  magnetic  induction.  The  end  of  the  piece  of  iron  next  to  the 
inducing  magnet  is  given  a  polarity  the  opposite  of  that  possessed  by  the 
pole  exerting  the  influence,  while  the  end  of  the  iron  farthest  from  the 
inducing  magnet  shows  a  polarity  the  same  as  that  of  the  pole  with  which 
the  iron  is  in  contact.  This  induction  takes  place  through  glass  or  paper 
or  other  non-magnetic  substance,  without  appreciable  loss. 

The  influence  in  the  case  of  iron  is  only  temporary,  and  when  detached 
or  removed  from  the  inducing  magnet  it  loses  its  power  at  once.  In  the 
case  of  steel,  on  the  other  hand,  this  power  is  not  immediatelv  or  wholly 
lost  on  detaching  it  from  the  inducing  magnet.  This  is  due  to  the  fact 
that  while  steel  has  considerable  magnetic  retentivity,  or  coercive  force, 
soft  iron  has  very  little.  Hence  permanent  magnets  are  made  of  steel, 
while  electro-magnets  (see  page  106)  are  made  of  soft  iron. 
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4.  Methods  of  Magnetization. — A  bar  of  steel  may  be  magnetized 
either  by  stroking,  which  consists  in  moving  one  pole  of  a  powerful 
magnet  from  one  end  of  the  bar  to  the  other  a  number  of  times,  always 
in  the  same  direction,  or  by  means  of  the  electric  current.  This  latter  is 
the  method  usually  employed,  in  which  the  steel  bar  is  placed  inside  a 
tube  of  glass  or  brass  (non-magnetic  material)  which  is  wound  with 
many  turns  of  insulated  copper  wire.  Through  this  wire  an  electric 
current  is  passed,  giving  a  more  or  less  powerful  magnet  according  to  the 
number  of  turns  of  wire  and  strength  of  the  current  (page  106) . 

5.  Lines  of  Magnetic  Force. — If  a  bar  magnet  be  laid  upon  a  hori- 
zontal surface  like  a  table,  and  covered  by  a  glass  plate  or  a  sheet  of  card- 
board, upon  sifting  over  the  glass  or  card-board  fine  iron  filings  we  will 
find  that  they  arrange  themselves  in  peculiar  curves,  as  illustrated  in  Fig. 

Flo.  57- 


57.  These  are  known  as  the  lines  of  magnetic  force,  and  indicate  the  lines 
in  which  the  influence  of  the  magnet  is  felt.  It  will  be  noticed  that  they 
seem  to  radiate  out  from  the  neighborhood  of  the  two  poles,  and  that  the 
curved  lines  from  the  two  poles  join  and  make  a  series  of  circles  enclosing 
the  neutral  line  of  the  magnet.  These  curves  thus  formed  by  the  iron 
filings,  however,  do  not  indicate  that  the  magnetic  force  is  felt  in  narrow 
lines  only,  but  they  mark  its  direction.  The  entire  space  around  each  of 
the  poles  is  permeated  by  this  influence,  and  is,  therefore,  known  as  the 
magnetic  fkld.  The  strength  of  the  attraction  within  this  field  is  governed 
by  a  law  of  distance  similar  to  those  already  noted  under  heat  and  light. 
It  is  expressed  as  follows:  Magnetic  attraction  or  repulsion  varies  in- 
versely as  the  square  of  the  distance  through  which  it  acts. 

IV.  The  Earth  as  a  Magnet. 
If  a  needle  be  suspended  so  as  to  hang  horizontally,  then  when  mag- 
netized it  will  dip  downward.  If  we  follow  a  line  approximately  near 
the  equator,  the  needle  will  rest  in  a  horizontal  position  (magnetic  equator, 
or  aclinic  line).  If  we  proceed  northwards,  then  the  north  pole  of  the 
needle  Will  begin  to  dip  (incline  downwards),  which  increases  as  we 
approach  the  north  magnetic  pole.  In  the  southern  hemisphere  the 
dipping  of  the  needle  takes  place  in  the  contrary  direction, — that  is,  the 
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south  pole  of  the  needle  dips  below  the  horizontal  line.  The  angle  which 
the  magnetic  needle  makes  with  the  horizontal  line  is  called  its  inclina- 
tion or  dip.  The  magnetic  poles  of  the  earth  (not  geographical)  are  those 
places  where  the  dipping  needle  assumes  a  vertical  position  (90°).  The 
north  magnetic  pole  has  been  located  near  Melville  peninsula,  in  the  Arctic 
ocean,  while  the  south  pole  is  about  154°  east  longitude  and  75^°  south 
latitude.  It  will  be  seen  that  the  magnetic  poles  of  the  earth  do  not 
agree  in  position  with  the  geographical  poles.  Hence  the  needle  does 
not  in  most  places  point  due  north  and  south  or  in  a  line  determined  by 
the  north  star.  The  angle  which  the  needle  makes  with  the  geographical 
meridian  is  known  as  the  angle  of  declination.  It  is  found  that  this  angle 
differs  at  different  places,  and  that  for  any  one  place  it  changes  slightly 
from  year  to  year.     The  magnetic  axis  of  the  earth  is  slowly  oscillating. 

V.    Applications  of  Magnetism. 

Permanent  magnetism  has  few  applications  compared  with  those  that 
have  been  found  for  electro-magnets.  These  will  be  noticed  farther  on. 
The  most  important  application  of  the  permanent  magnet  is  in  the 
form  of  the  mariner's  compels.  In  this  the  freely  oscillating  magnetic 
needle  is  mounted  in  such  way  that  under  the  influence  of  the  earth's 
directive  action  it  is  made  to  indicate  the  direction  in  which  a  ship  is 
moving.  For  this  purpose  one  or  more  magnetic  needles  are  attached 
to  the  under  surface  of  a  circular  disk  of  card-board  or  mica,  upon 
the  upper  surface  of  which  are  marked  the  thirty-two  points  of  the 
compass.  This  disk  is  supported  upon  a  delicate  pivot  moving  in 
an  agate  cup,  so  that  it  responds  to  the  slightest  change  of  course 
of  the  ship.  With  the  general  introduction  of  iron  and  steel  ships 
the  use  of  the  compass  would  seem  to  be  attended  with  great  diffi- 
culty, because  of  the  local  attraction  for  the  needle.  It  has  been  found 
possible,  however,  to  correct  this  local  influence  so  as  not  to  interfere 
with  the  accuracy  of  the  directive  action  of  the  needle.  The  compass 
is  supposed  to  have  been  known  to  the  Chinese  long  before  its  intro- 
duction into  Europe  in  the  twelfth  century. 

Permanent  magnets,  as  well  as  electro-magnets,  are  also  used  in  sep- 
arating magnetic  iron  ore  from  accompanying  sand  and  crushed  rock 
material,  and  in  picking  out  small  particles  of  scrap  iron  from  malt  and 
grain  before  crushing. 


CHAPTER  VII. 

ELECTRICITY. 

Electricity  is  known  to  us  only  by  its  effects  and  various  manifesta- 
tions. Like  energy,  it  can  neither  be  created  nor  destroyed,  but  is  capable 
of  being  moved  from  one  place  to  another  and  put  under  stress.  In  some 
of  its  deportments  it  is  like  an  incompressible  fluid  pervading  all  space, 
in  others  a  highly  attenuated  ether,  and,  if  not  identical,  it  is  closely 
related  to  luminiferous  ether.  According  to  Maxwell,  light  itself  is  an 
electric  phenomenon  and  light  waves  are  electro-magnetic  waves.  The 
importance  of  electricity  may  be  measured  by  the  fact  that  an  expendi- 
ture of  energy  of  one  kind  (mechanical  or  chemical)  can  be  made  to  reap- 
pear as  electrical  energy  readily  convertible  into  heat,  light,  or  other 
useful  form  of  energy. 

According  to  its  methods  of  production  and  various  manifestations, 
electricity  will  be  considered  under  the  following  heads, — namely,  static, 
dynamic,  and  thermal. 

(A)    Static  or  Frictional  Electricity. 

Thales  of  Miletus  (500  b.c.)  was  probably  the  first  who  mentioned  that 
when  amber  is  rubbed  it  acquires  the  property  of  attracting  light  bodies, 
such  as  bits  of  paper,  feathers,  pith  balls,  etc.  It  was  not  until  the 
sixteenth  century  that  Dr.  Gilbert,  an  English  physician,  showed  that 
many  other  substances,  as  sulphur,  resin,  shellac,  glass,  rock-crystal,  etc., 
possess  like  properties  with  amber.  He  applied  the  name  electrics,  from 
r^hxTfiov  (elektron),  the  Greek  name  for  amber,  to  all  such  substances. 

I.  Conditions  of  Production. — If  a  stick  of  sealing-wax,  sulphur, 
or  hard  resin  be  rubbed  briskly  with  a  piece  of  flannel,  it  will  acquire  the 
property  of  attracting  light  bodies,  like  slips  of  paper,  feathers,  pith  balls, 
etc.  A  glass  tube  carefully  dried  and  rubbed  with  a  silk  handkerchief 
will  show  similar  phenomena.  In  a  dark  room  the  bodies  so  rubbed  often 
appear  slightly  luminous,  and  sparks  are  sometimes  given  off  when  they 
are  touched.  It  is  evident  that  these  are  manifestations  of  a  new  form  of 
energy  developed  by  the  friction  of  the  two  bodies  and  distinct  from  heat, 
which  may  be  developed  at  the  same  time.  The  generally  received  explana- 
tion of  this  change  of  energy  into  a  new  form  is  that  friction  and  the  other 
means  referred  to  disturb  the  neutral  condition  in  which  the  molecules  of 
bodies  ordinarily  exist,  and  develop  therefrom  two  opposing  influences, 
which  give  us  the  so-called  "  electrical  '*  phenomena.  These  influences  may 
be  designated  as  positive  and  negative,  or  vitreous  and  resinous  electricity. 

The  development  of  electricity  of  either  kind  in  a  body  is  said  to  give 
it  a  certain  potential  as  compared  with  another  body,  either  electrified  or 
unelectrified.     A  body  charged  with  positive  electricity  is  said  to  have 

a  positive  potential,  while  a  body  negatively  charged  has   a  negative 

92 


ELECTRICITY.  93 

potential.  These  opposing  charges  may  be  equal,  in  which  case,  when 
the  two  bodies  are  brought  into  contact,  they  neutralize  each  other,  and 
leave  the  bodies  unelectrified,  or  they  may  differ  in  potential,  in  which 
case  a  residue  remains  of  the  stronger  charge. 

If  instead  of  rubbing  resins  or  glass  we  rub  metals  with  flannel  or  silk, 
apparently  no  electrical  effects  are  produced.  This  want  of  electrical 
excitement  is,  however,  only  apparent.  If  a  metal  tube  is  provided  with 
a  glass  handle  by  which  it  may  be  held  and  is  then  rubbed  with  silk  or 
flannel,  it  becomes  charged  with  static  electricity.  Its  seeming  inability 
to  become  electrified  is  due  to  the  fact  that  it  is  a  conductor  of  electricity, 
and  hence  the  charge  passes  off  rapidly  into  the  hand  or  the  object  with 
which  it  was  in  contact.  We  may,  therefore,  distinguish  two  classes : 
conductors,  like  metals,  water  and  aqueous  solutions,  plants  and  animals, 
and  non-conductors,  like  silk,  glass,  resins,  rubber,  and  dry  air.  Non- 
conductors are  also  often  called  insulators,  as  they  prevent  the  loss  or 
dissipation  of  a  charge  of  electricity  accumulated  upon  a  conductor. 
Glass  and  hard  rubber  are  thus  used  in  practice.  When  a  stick  of  shellac 
is  rubbed  with  a  piece  of  flannel,  both  become  electrified,  the  shellac  tak- 
ing the  negative  charge  of  electricity  and  the  flannel  the  positive  charge. 
On  the  other  hand,  when  glass  is  rubbed  with  silk,  both  likewise  are  electri- 
fied, but  the  glass  takes  the  positive  electricity  and  the  silk  the  negative 
electricity.  Both  these  results  are,  however,  explained  if  we  arrange  the 
substances  referred  to  consecutively  in  what  is  known  as  a  potential  series. 
In  this  list  the  substances  are  named  in  such  order  that  any  one  becomes 
positively  electrified  when  rubbed  with  one  of  the  bodies  following,  but 
negatively  when  rubbed  with  one  of  those  which  precede  it  : 

1.  Cat's  skin.  7.  Silk.  12.  Sealing-wax. 

2.  Flannel.  8.  The  hand.  13.  Resin. 

3.  Ivory.  9.  Wood.  14.  Sulphur. 

4.  RocK-crystal.  10.  Metals.  15.  Gutta-percha. 

5.  Glass.    J-  II.  Caoutchouc.  16.  Gun-cotton. 

6.  Cotton. 

2.  Laws  of  Electrical  Attraction  and  Repulsion. — In  order  to 
ascertain  whether  a  body  is  electrified  or  not,  we  employ  either  the 
electric  pendulum  or  electroscope*  (Fig.  58).     By  means  of  these  we  are 


♦  The  gold-  or  silver-leaf  electroscope  is  far  more  sensitive  than  the  pith  ball. 
It  consists  of  a  glass  jar  closed  at  the  top  with  a  cork  through  which  passes  a 
metallic  rod  surmounted  with  a  ball  of  metal,  and  at  the  lower  extremity  are 
attached  two  gold-  or  silver-leaf  strips.  The  jar  itself  is  covered  with  a  non-conduct- 
ing varnish.  If  an  electrified  body  is  brought  near  to  the  ball  of  the  electroscope, 
the  former  acts  on  the  latter  by  induction,  attracting  the  opposite  kind  of  electric- 
ity into  the  ball  and  repelling  the  same  kind  (as  the  excited  body)  into  the  gold  or 
silver  leaves,  both  of  which,  being  charged  alike,  will  diverge.  To  ascertain  the 
kind  of  electricity  in  a  body,  the  electroscope  is  electrified  with  the  body  in  question, 
then  with  the  finger  touch  the  top  knob  while  the  leaves  are  diverging,  and  remove 
the  finger  before  taking  away  the  exciting  body.  When  this  latter  has  been  removed 
the  electricity  retained  in  the  ball  spreads  over  the  rod  and  leaves,  causing  them 
to  diverge.  Now  excite  a  glass  rod  (— )  with  a  piece  of  silk  and  let  it  touch  the 
jlectroscope  ball  ;  if  the  leaves  diverge  more,  their  charge  was  positive  and  that 
of  the  body  in  question  was  negative  ;  if  the  leaves  collapse,  the  body  must  have 
t>een  charged  positive. 
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Fig.  58. 


Electroscope. 


also  able  to  distinguish  between  positive  (I  )  and  negative   ( — )  elec- 
trification.   If  a  warm  dry  glass  tube  be  rubbed  with  a  piece  of  silk  and 

then  presented  to  the  electrical  pendulum 
which  consists  of  a  pith  ball  suspended  bv 
a  silk  thread,  it  will  be  attracted  at  first, 
whereby  it  receives  a  positive  charge  from 
the  glass,  then,  almost  immediately  after- 
wards, the  ball  is  repelled ,  since  it  has  be-' 
come  charged  with  the  same  kind  of  elec- 
tricity as  the  glass.  If  now  a  stick  of  seal- 
ing-wax be  excited  with  a  piece  of  flannd 
and  be  brought  near  to  the  charged  pith 
ball,  the  latter  is  attracted  to  the  former 
because  the  wax  is  negatively  charged 
From  these  experiments  we  will  observe 
that  unelectrified  bodies  are  attracted  by 
electrified  ones,  and  that  when  both  are 
charged  >vith  the  same  kind  of  electricity  repulsion  takes  place;  when 
the  charges  are  of  opposite  kind  attraction  results.*  The  laws  of  elec- 
trical attraction  and  repulsion  are  as  follows: 

1.  Electrical  charges  of  like  name  repel  each  other;  electincal  charges 
of  opposite  name  attract  each  other. 

2.  The  force  with  which  each  of  the  two  charges  attracts  or  repels  the 
other  is  (Hrectly  proportioned  to  the  product  of  the  two  quantities  of 
electricity  and  inversely  as  the  square  of  the   distance  between   them.f 

3.  Electrification  by  Influence.  -  A  body  charged  with  either 
positive  or  negative  electricity  will  exert  an  influence  upon  unelectrified 
bodies  in  the  neighborhood  and  decompose  the  neutral  condition  exist- 
ing in  them,  attracting  to  the  surface  next  to  the  electrified  body  a  chaiige 
the  opposite  to  that  which  it  contains  (see  Electroscope.  Fig.  58).  At 
the  same  time  the  decomposition  of  the  neutral  condition  sets  free  both 
kinds  of  electricity,  and  while  one  is  drawn  towards  the  original  dec- 
trified  body,  the  other  is  driven  towards  the  farther  extremity  of  the  bodv 
which  comes  imdcr  its  influence.  Such  action  is  called  induction^  and 
by  its  means  a  l)ody  once  electrified  by  friction  is  capable  of  exerting  an 
influence  upon  surrounding  bodies  and  developing  in  them  corresponding 
charges.  If  this  induced  electricity  is  drawn  off  by  suitable  conductors 
and  the  body  again  prcs(*ntc?d  in  the  neutral  condition,  fresh  inductiw 
action  will  develop  fresh  charges,  and  in  this  way  notable  charges  of  both 
positive   and   negative   electricity    can   be   accumulated.     The    various 


♦The  electrical  charge  of  a  pith  ball  (»r  elect roscojxj  may  Ixj  removed  by  touch- 
ing with  thtr  linger,  provided  it  is  nf»t  within  the  influence  of  an  electrified  body. 

t  In  the  first  case,  if  we  ha\'e  one  body  given  a  charge  of  2  and  another  one  of 
3.  the  force  1  Kit  ween  them  will  be  32  6  times  as  great  as  if  each  had  a  chai^ 
of  I.  In  the  second  case,  if  two  small  electrified  bodies  i  centimeter  apart  xepel 
each  other  with  a  certain  f(jrce,  .and  this  distance  be  increased  to  2  centimeters, 
the  force  exerted  will  be  only  }  as  great,  and  at  10  centimeters  it  will  be  only  ^h 
part.     This  law  of  inverse  s<juares  is  true  for  small  bodies  only. 
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newer  forms  of  frictional  electrical  machines  are  based  upon  the  principle 
of  repeated  induction  developing  anew  fresh  electrical  chaises. 

4.  Electrical  Machines. — In  the  older  forms  of  electrical  ma- 
chines we  have  simply  a  circular  plate  or  hollow  cylinder  of  glass,  which 
is  rotated  rapidly  while  pressing  against  pads  of  silk  or  leather.  These 
latter  are  coated  with  an  amalgam  or  with  a  bronze  powder  (stannic 
sulphide),  and  by  their  friction  with  the  glass  develop  electricity.  The 
plate  becomes  charged  with  positive  electricity,  which  is  taken  off  by  a 
metallic  comb  and  accumulates  on  a  brass  knob  known  as  the  prime  con- 
ductor, while  the  pad  which  presses  on  the  glass  plate  receives  a  negative 
charge  which  accumulates  on  a  second  insulated  metallic  conductor.  A 
spark  may  now^be  taken  from  either  of  the  insulated  conductors.  If, 
ho#ever,  the  conductor  which  received  the  negative  charge  be 
"grounded." — that  is,  connected  with  the  floor  or  table  by  a  metallic 
chain, — the  potential  of  the  positive  conductor  becomes  greater,  and 
longer  sparks  can  be  taken  from  it.  A  newer  and  more  powerful  form  of 
frictional  machine  is  the  Toepler-Holtz  (see  Fig.  59).  which  is  in  reality  a 
combination  of  two  induction  machines.  On  the  back  of  a  stationary 
glass  plate  are  two  cards,  a  and  b,  which  act  as  inductors,  and  on  a 
smaller  revolving  glass  plate  in  front  of  the  former  are  pasted  a  series  of 
tin-foil  carriers  (see  Fig.  60),  each  of  which  has  in  its  centre  a  button 
designed  to  serve  as  a  contact.  A  stationary  metal  rod,  z,  crosses  diag- 
onally in  front  of  the  moving  plate,  and  to  this  are  attached  flexible  wire 
brushes,  m,  h^.    As  the  movable  glass  plate  revolves,  these  brushes  touch 
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the  two  tin-foil  carriers,  which  are  at  diagonally  opposite  positions  on  the 
plate,  and  remove  the  induced  charges  from  them.  As  these  carriers 
come  around  in  front  of  the  inductor  cards  they  touch  metallic  brushes, 
Ci  c,,  which  make  contact  with  the  inductors  through  metallic  rods,  and 
thus  recharge  them  with  positive  and  negative  electricity  respectively. 
The  cards  then  act  inductively  upon  the  revolving  glass  plate  again  and 
communicate  to  it  fresh  quantities  of  the  two  forms  of  electricity  to  be 
taken  up  by  the  brushes  of  the  diagonal  rod.  The  metallic  conductors 
attached    to    the  stationary  plate  terminate  in  knobs,  D^  d^,  between 
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Fig.  58. 


Electroscope. 


also  able  to  distinguish  between  positive  (  I  )  and  negative  ( — )  elec- 
trification.   If  a  warm  dry  glass  tube  be  rubbed  with  a  piece  of  silk  and 

then  presented  to  the  electrical  pendulum, 
which  consists  of  a  pith  ball  suspended  by 
a  silk  thread,  it  will  be  attracted  at  first, 
whereby  it  receives  a  positive  charge  from 
the  glass,  then,  almost  immediately  after- 
wards, the  ball  is  repelled,  since  it  has  be-" 
come  charged  with  the  same  kind  of  elec- 
tricity as  the  glass.  If  now  a  stick  of  seal- 
ing-wax be  excited  with  a  piece  of  flannel 
and  be  brought  near  to  the  charged  pith 
ball,  the  latter  is  attracted  to  the  former 
because  the  wax  is  negatively  charged. 
From  these  experiments  we  will  obser\'e 
that  unelectrified  bodies  are  attracted  by 
electrified  ones,  and  that  when  both  are 
charged  with  the  same  kind  of  electricity  repulsion  takes  place;  when 
the  charges  are  of  opposite  kind  attraction  results.*  The  laws  of  elec- 
trical attraction  and  repulsion  are  as  follows: 

1 .  Electrical  charges  of  like  name  repel  each  other ;  electrical  charges 
of  opposite  name  attract  each  other. 

2.  The  force  with  which  each  of  the  two  charges  attracts  or  repels  the 
other  is  directly  proportioned  to  the  product  of  the  two  quantities  of 
electricity  and  inversely  as  the  square  of  the   distance  between   them.t 

3.  Electrification  by  Influence.  —  A  body  charged  with  either 
positive  or  negative  electricity  Avill  exert  an  influence  upon  unelectrified 
bodies  in  the  neighborhood  and  decompose  the  neutral  condition  exist- 
ing in  them,  attracting  to  the  surface  next  to  the  electrified  body  a  charge 
the  opposite  to  that  which  it  contains  (sec  Electroscope,  Fig.  58).  At 
the  same  time  the  decomposition  of  the  neutral  condition  sets  free  both 
kinds  of  electricity,  and  while  one  is  drawn  towards  the  original  elec- 
trified body,  the  other  is  driven  towards  the  farther  extremity  of  the  body 
which  comes  under  its  influence.  Such  action  is  called  induction,  and 
by  its  means  a  body  once  electrified  by  friction  is  capable  of  exerting  an 
influence  upon  surroimding  bodies  and  developing  in  them  corresponding 
charges.  If  this  induced  electricity  is  drawn  off  by  suitable  conductors 
and  the  body  again  presented  in  the  neutral  condition,  fresh  inductive 
action  will  develop  fresh  charges,  and  in  this  way  notable  charges  of  both 
positive   and   negative   electricity   can   be   accumulated.     The   various 

*  The  electrical  charge  of  a  pith  ball  or  electroscope  may  1^  removed  by  touch* 
ing  with  the  finger,  provided  it  is  not  within  the  influence  of  an  electrified  body. 

t  In  the  first  case,  if  we  have  one  body  given  a  charge  of  2  and  another  one  of 
3,  the  force  between  them  will  be  3  •  2  -  6  times  as  great  as  if  each  had  a  chai^ 
of  I.  In  the  second  case,  if  two  small  electrified  bodies  i  centimeter  apart  repel 
each  other  with  a  certain  force,  and  this  distance  be  increased  to  2  centimeters, 
the  force  exerted  will  l>e  only  }  as  great,  and  at  10  centimeters  it  will  be  only  yj| 
part.     This  law  of  inverse  s<iuares  is  true  for  small  bodies  only. 


ELECTRICITY. 


95 


newer  forms  of  frictional  electrical  machines  are  based  upon  the  principle 
of  repeated  induction  developing  anew  fresh  electrical  charges. 

4.  Electrical  Machines.^ — In  the  older  forms  of  electrical  ma-' 
chines  we  have  simply  a  circular  plate  or  hollow  cylinder  of  glass,  which 
is  rotated  rapidly  while  pressing  against  pads  of  silk  or  leather.  These 
latter  are  coated  with  an  amalgam  or  with  a  bronze  powder  (stannic 
sulphide),  and  by  their  friction  with  the  glass  develop  electricity.  The 
plate  becomes  charged  with  positive  electricity,  which  is  taken  off  by  a 
metallic  comb  and  accumulates  on  a  brass  knob  known  as  the  prime  con- 
ductor, while  the  pad  which  presses  on  the  glass  plate  receives  a  negative 
charge  whirh  accumulates  on  a  second  insulated  metallic  conductor.  A 
spark  may  now^be  taken  from  either  of  the  insulated  conductors.  If, 
however,  the  conductor  which  received  the  negative  charge  be 
"grounded," — that  is,  connected  with  the  floor  or  table  by  a  metalhc 
chain, — the  potential  of  the  positive  conductor  becomes  greater,  and 
longer  sparks  can  be  taken  from  it.  A  newer  and  more  powerful  form  of 
frictional  machine  is  the  Toepler-Holtz  (see  Fig.  59),  which  is  in  reality  a 
combination  of  two  induction  machines.  On  the  back  of  a  stationary 
glass  plate  are  two  cards,  a  and  b,  which  act  as  inductors,  and  on  a 
smaller  revolving  glass  plate  in  front  of  the  former  are  pasted  a  series  of 
tin-foil  carriers  (see  Fig.  60),  each  of  which  has  in  its  centre  a  button 
designed  to  serve  as  a  contact.  A  stationary  metal  rod,  z,  crosses  diag- 
onally in  front  of  the  moving  plate,  and  to  this  are  attached  flexible  wire 
brushes,  m,  m,.     As  the  movable  glass  plate  revolves,  these  brushes  touch 
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the  two  tin-foil  carriers,  which  are  at  diagonally  opposite  positions  on  the 
plate,  and  remove  the  induced  charges  from  them.  As  these  carriers 
come  around  in  front  of  the  inductor  cards  they  touch  metallic  brushes, 
c,  Cj,  which  make  contact  with  the  inductors  through  metallic  rods,  and 
thus  recharge  them  with  positive  and  negative  electricity  respectively. 
The  cards  then  act  inductively  upon  the  revolving  glass  plate  again  and 
communicate  to  it  fresh  quantities  of  the  two  forms  of  electricitv  to  be 
taken  up  bv  the  brushes  of  the  diagonal  rod.  The  metallic  conductors 
attached    to    the  stationary  plate  terminate  in  knobs,  n,  d^,  between 
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which  a  discharge  of  sparks  is  kept  up  while  the  other  plate  is  in  revolu- 
tion. These  conductors  are  provided  with  insulating  handles  of  hard 
rubber,  and  are  made  to  slide  in  and  out  of  metallic  sockets,  so  that  the 
distance  between  the  discharging  knobs  can  be  lengthened  or  shortened 
according  as  the  difference  of  potential  between  the  positive  and  negative 
charges  becomes  greater  or  smaller.  The  discharging  knobs,  d,  and 
D.J,  communicate  also  with  two  small  Levden  jars,  J,  and  jj,  the  pur- 
pose of  which  is  to  accumulate  the  charges  before  any  discbarge  takes 
place.  Without  them  the  discharges  between  the  knobs  of  the  prime 
conductors  are  continuous  and  short,  while  with  them  the  sparks  are 
longer,  more  brilliant,  and  louder. 

5.  Electrical  Condensers.— If  two  metallic  surfaces  be  brought 
near  to  each  other  and  yet  be  kept  apart  by  some  insulating  medium,  we 
may,  by  charging  one  with  either  positive  or  negative  electricity,  cause 
a  charge  of  opposite  name  to  accumulate  in  the  other  by 
induction.  Hence  such  a  combination  is  called  an  electrical 
accumulator,  or  condenser  of  electricity.  The  simplest  form 
would  be  a  pane  of  glass  coated  on  either  side  to  within  ui 
inch  of  the  edge  with  sheets  of  tin-foil.  More  generally  a  glass 
jar  is  used,  and  this  is  coated  within  and  without  with  tin- 
foil for  about  two-thirds  of  its  height.  Through  a  cork  or 
wooden  cap  passes  a  metal  rod  terminating  above  in  a  knob 
and  ending  below  in  a  metallic  chain  which  is  long  enough  to 
touch  the  inner  tin-foil  on  the  bottom  of  the  jar.  Such  is 
known  as  a  Leyden  jar.  It  may  be  chained  by  grasping 
it  in  the  hand  around  the  side  and  then  holding  the  pro- 
jecting knob  to  one  of  the  prime  conductors  of  the  electrical  machine. 
This  charges  the  inner  coating  with  that  kind  of  electricity  which  had 
accumulated  on  the  prime  conductor,  and  at  the  same  time  the  outer 
coating  by  induction  takes  a  charge  of  the  opposing  kind.  The  jar  may 
then  be  placed  upon  a  table  and  the  charges  will  remain  with  little  loss 
for  quite  a  length  of  time,  but  if  contact  is  made  between  the  inner  and 
the  outer  coatings  by  a  metallic  conductor  or  through  the  body,  the  two 
opposing  electricities  at  once  unite  and  the  jar  is  discharged.  The 
charge  of  the  Leyden  jar  resides  on  the  outside  and  inside  surfaces  of  the 
glass  and  not  on  the  metallic  coating.  This  may  be  proven  by  means  of  a 
dissected  jar,  as  shown  in  Fig.  63.  in  which  p,^  ^ 

two  tin  cups  ser\'e  as  substitutes  for  the  ( 
outer  and  inner  coating  of  tin-foil.    When   ^^ 
the  cups  are  in  place  the  jar  is  charged  and   ^~    ,     .    .    ,,  . 
set  on  an  insulated  surface  (glass  or  rubber), 

then  the  inner  cup  with  hook  is  removed,  and  by  inverting  the  glass 
tumbler  is  removed  from  the  outer  tin  cup.  It  wilt  be  found  on  testing 
with  a  pith  bail  that  the  two  surfaces  of  the  glass  are  oppositely  electri- 
fied, while  no  trace  exists  on  either  of  the  two  tin  cups.  On  putting  to- 
gether again  the  jar  will  be  found  to  be  still  highly  charged.  When  a 
Leyden  jar  is  hca\'ily  chained,  care  must  be  taken  in  handling,  to  avoid 
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touching  the  knob  vith  one  hand  while  holding  with  the  other,  as  the 
shock  experienced  may  be  very  severe. 

6.  Electrical  Discharge  and  its  Effects. — The  effect  of  the  spark 
discharge  depends  very  much  upon  the  nature  of  the  body  through 
which  the  discharge  takes  place.  Its  mechanical  effects  are  seen  most 
readily  in  the  case  of  bad  conductors.  These  are  often  shattered.  Thus 
it  is  possible  to  pierce  card-board  or  leather  readily  with  the  aid  of  the 
discharge  from  the  Holtz  machine.  A  glass  plate  may  also  be  pierced  in 
this  way.  The  discharge  of  atmospheric  electricity  during  a  thunder- 
storm, as  seen  in  the  lightning  flashes,  however,  gives  us  the  mechanical 
effects  on  the  grandest  scale.  The  thunder-cloud  and  the  earth  consti- 
tute the  two  parts  of  a  huge  condenser.  When  the  difference  in  poten- 
tial has  become  sufficiently  great  to  cause  the  discharge  to  take  place 
throt^b  the  intervening  air,  we  have  the  lightning  stroke  which  rends  the 
tallest  trees  as  well  as  buildings  which  stand  out  prominently  or  in  ex- 
posed positions.  Protection  against  this  lightning  discharge  is  sought  in 
the  case  of  tall  edifices  by  the  use  of  metallic  con- 
ductors, which,  while  insulated  from  the  building,  are 
connected  with  the  ground.  These  serve  to  withdraw 
an  electrical  charge  of  opposite  kind  to  that  of  the 
storm  cloud,  from  the  earth,  restoring  thereby  the 
cloud  to  its  neutral  state. 

The  physiological  effects  of  the  spark  discharge 
consist  in  sudden  vibrating  shocks  felt  when  a  Leyden 
jar  is  discharged  through  the  person,  and  in  a  sharp 
prickling  sensation  felt  on  the  knuckles  or  fingers  when 
the  prime  conductors  of  a  plate  machine  are  touched. 
With  large  jars  or  a  strong  induction  machine  the 
spark  dischai^  may  be  quite  dangerous.  As  will  be 
seen  later,  this  peculiar  physiological  effect  belongs  to 
the  spark  discharge,  whether  from  the  friction  1 
chine,  the  Leyden  jar.  or  the  secondary  current  of 
the  induction  machine,  because  in  all  these  cases  the  ^ 
electricity  is  manifested  under  high  difference  of  po- 1 
tential  or  tension. 

The  luminous  effects  of  a  spark  discharge  vary  with  oi»«:wd  Leyden  |.r. 
the  potential  of  the  two  electricities  and  the  medium  through  which  the 
spark  passes.  Thus,  in  ordinary  air  the  spark  is  white  and  brilliant,  in 
rarefied  air  it  is  Teddish,  and  in  vacuo  it  is  violet.  Rarefied  gases,  like 
hydrogen,  nitrogen,  and  carbon  dioxide,  also  cause  the  spark  to  show 
in  different  colors  (see  page  113). 

The  spark  passed  through  inflammable  liquids,  like  alcohol  or  ether, 
inflames  them;  the  spark  will  ignite  ordinary  illuminating  gas,  as  is 
seen  in  many  forms  of  domestic  gas-lighting  apparatus;  when  the  spark 
is  passed  continuously  through  a  wire,  although  relatively  a  conductor, 
the  wire  still  becomes  heated.  Magnetic  effects  are  also  observed.  A 
sted  bar  or  needle  may  be  magnetized  if  placed  inside  a  tube  around 
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which  is  coiled  a  wire,  through  which  the  spark  dischai^  is  madetd 
pass.  We  will  see  later,  under  Voltaic  Electricity,  that  powerful  electro- 
magnets are  made  in  an  analogous  manner. 

Lastly,  the  chemical  effects  of  the  spark  discharge  are  the  effecting 
of  chemical  decompositions  and  recombinations  of  the  elements.  Thus, 
if  the  spark  is  passed  for  a  time  through  dry  ammonia  gas,  it  is  decom- 
posed into  hydrogen  and  nitrogen.  On  the  other  hand,  the  spark  dis- 
charge will  cause  the  union  of  hydrogen  and  chlorine  or  hydrogen  and 
oxygen  when  admixed  as  gases.  Among  chemical  effects  must  also  be 
noticed  the  ozonizing  of  the  oxygen  of  the  air  through  which  the  discharge 
takes  place.  This  is  readily  recognized  by  the  odor  which  is  always 
noticed  in  the  neighborhood  of  the  plate  electrical  machine. 

(Bj  Dynamic  Electricity. 
The  electricity  hitherto  spoken  of  is  known  either  as  static  electricity, 
because  it  remains,  when  collected,  upon  the  object  charged,  or  electric- 
ity of  high  tension,  because  it  accumulates  upon  neighboring  conductors 
until  a  high  tension  or  difference  of  potential  is  reached,  when  it  is  dis- 
charged by  the  passage  of  the  spark.  Differing  from  this  in  its  form  and 
manifestations,  although  not  in  identity,  is  dynamic  (from  dava/ut,  power), 
or  electricity  of  chemical  action,  so  termed  because  of  its  various  mani- 
festations of  power.  Synonymously  we  also  employ  the  terms  galvatiic, 
voltaic,  current,  and  chemical  electricity.  Under  this  general  heading 
magneto-  and  l/wrww-currents  will  be  considered. 

p,c  ft..  Gaivani.an  Italian,  was  the  first  (1780) 

to  discover  this  new  method  of  generat-  . 
ing  electricity,  and  Volta  the  first  to  ' 
construct  a  battery,  known  as  Volta's 
Pile,  which  consisted  of  a  series  of  alter- 
nate zinc  and  copper  plates  placed  one 
above  the  other  and  separated  by  fdt 
moistened  with  brine. 

I.  Simple  Voltaic  Cell  or  Couple. — 
After  a  century  of  constant  experiment, 
scientists  still  employ  the  same  metals 
and  arrangement  in  series  as  Volta,  only 
superseding  the  moist  felt  with  an  acid 
fluid.  If  a  plate  of  zinc,  z  (see  Fig.  64), 
and  one  of  copper,  c,  are  dipped  in  dilute 
Sim  levoiiakceii  sulphuric  acid,  bubbles  of  hydrogen  gas 

will  collect  on  the  surface  of  the  sine, 
which  after  a  time  gradually  disappear.  If  we  now  connect  the  two 
plates  by  means  of  a  wire,  the  chemical  action  becomes  more  violent  and 
a  greater  amount  of  hydrogen  is  liberated ;  but  this  time  it  is  diseng^ed 
at  the  surface  of  the  copper  instead  of  the  zinc.  The  latter  serves  as  fuel 
for  generating,  while  the  former  collects  the  current.  The  production  of 
a  current  in  this  case  is  entirely  due  to  the  chemical  action  which  e 
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when  two  dissimilar  metals  are  moistened  with  the  same  fluid,  one  metal 
being  more  susceptible  to  the  action  of  the  fluid  than  the  other.  If  the  two 
wires  attached  to  the  plates  be  separated,  electrical  action  ceases;  if  they 
are  brought  near  enough  together  in  the  dark,  a  small  spark  is  seen  to  pass 
between  them.  The  joining  of  the  two  wires — ^that  is,  the  establishment 
of  communication  between  the  metals  of  a  battery — is  called  closing  the 
circuit ;  the  separation  of  these,  breaking  or  opening  it.  The  metal  which  is 
the  more  energetically  acted  on  by  the  liquid  (in  this  case  the  zinc)  is 
called  the  generating  (or  soluble)  plate,  while  the  other  (the  copper)  is  the 
conducting  plate.  The  current  passes  through  the  liquid  from  the  zinc  to 
the  copper,  and  above  through  the  wires  from  the  copper  to  the  zinc,  thus 
forming  a  complete  circuit.  The  ends  of  the  wires,  c  c.  leading  from  the 
plates  are  called  the  poles  or  electrodes;  the  one  connected  with  the  zinc,  or 
generating  element,  is  called  the  cathode  or  negative  ( — )  pole,  while  that  of 
the  copper,  or  conducting  element,  is  the  anode  or  positive  (+)  pole. 

a.  Electro-motive  Series. — As  already  stated,  a  current  results  when 
two  different  metals  are  placed  in  a  fluid  which  acts  on  one  more  strongly 
than  the  other.  The  generating  plate  is  of  higher  potential"^  while  the  col- 
lecting plate  is  of  lower  potential.  This  difference  of  potential  produces 
electro-motive  force*  which  varies  between  different  metals.  Various  metals 
have  been  arranged  in  a  series  which  expresses  their  relations  to  one  another 
in  this  respect.    Such  a  table  is  called  the  electro-motive  force  series. 

^*    I.  Zinc.  5.  Iron.  9.  Copper. 

2.  Cadmium.  6.  Nickel.  10.  Silver. 

3.  Tin.  7.  Bismuth.  11.  Platinum. 

4.  Lead.  8.  Antimony.  12.  Graphite  (gas  carbon) .  ^ 

These  elements  are  arranged  with  the  electro-positive  at  one  end  and  the 
electro-negative  at  the  other.  If  any  two  of  these  be  placed  in  dilute 
acid,  the  current  will  pass  from  the  lower  to  the  higher  (number).  Thus, 
iron  is  electro-negative  to  zinc  and  positive  to  copper,  while  silver  is 
negative  to  zinc  and  positive  to  platinum.  The  E.M.F.  is  greater  in 
proportion  as  the  metals  are  distant  from  each  other  in  the  series;  for 
this  reason  batteries  of  zinc  and  platinum  (or  carbon)  give  the  greatest 
electro-motive  force. 

3.  Local  Action  and  Polarization. — Zinc  when  placed  in  water 
decomposes  it,  forming  zinc  oxide,  and  hydrogen  is  set  free.  This  action 
is  of  very  short  duration,  owing  to  the  coating  of  the  metal  with  an  in- 


*  PotentuU,  in  the  ph3rsical  sense,  is  that  condition  of  matter  by  virtue  of  which 
it  is  capable  of  exerting  physical  force.  Thus,  a  body  of  water  may,  by  the  ex- 
pendituxe  of  a  de^nite  amount  of  energy,  be  forced  to  some  height  into  a  reservoir. 
This  mass  of  water,  by  virtue  of  its  position,  retains  the  same  energy  which  has 
been  expended  upon  it.  It  has  acquired  the  power  to  do  work;  it  ]x>ssesses 
potential  ener]g[y.  As  this  water  in  returning  to  its  former  state  uf  enuilibrium 
flows  from  a  higher  to  a  lower  level,  so  electricity  flows  from  bodies  of  a  higher 
to  those  of  a  lower  potential.  We  measure  the  heat  potential  of  a  body  by  the 
effect  it  can  produce  on  temperature,  the  electrical  potential  of  a  body  by  the 
electric^  force  or  pressure  it  is  capable  of  exerting.  This  force  or  powder  which 
tends  to  move  electricitjr  from  one  place  to  another,  due  to  a  diflFerence  of  potentials, 
is  called  the  electro-matiue  force  (E.M.F.).  The  unit  of  E.M.F.  is  the  volt,  which 
represents  the  power  of  a  current  to  overcome  resistance. 
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soluble  film  of  oxide.  The  employment  of  dilute  sulphuric  acid  obviates 
this  by  dissolving  the  oxide  as  rapidly  as  it  is  formed,  leaving  the  surface 
free.  Chemically  pure  zinc  does  not  react  with  dilute  sulphuric  acid  until 
the  circuit  of  the  battery  is  closed.  Commercial  zinc,  which  is  very  im- 
pure, reacts  constantly  with  the  acid,  whether  the  circuit  is  open  or 
closed ;  hence  a  gteat  waste  takes  place  without  contributing  anything 
to  the  quantity  of  electricity  generated.  The  presence  of  these  impiui- 
ties,  which  usually  consist  of  iron,  lead,  cadmium,  etc.,  induces  the  genera- 
tion of  local  currents  independent  of  the  copper,  because  these  metals 
are  electro-negative  to  the  zinc.  This  waste  of  local  action  may  be  pre- 
vented by  amalgamation,  which  consists  in  rubbing  the  surface  of  the  zinc 
plates  (which  have  been  cleaned  with  soap  and  dilute  acid)  with  mercury. 
Polarization  is  a  troublesome  feature  of  the  simple  voltaic  cell.  It  is 
due  to  the  accumulation  of  a  film  of  bubbles  of  liberated  hydrogen  over 
the  surface  of  the  copper  plate.  As  this  increases,  the  current  weakens 
and  finally  ceases.  The  chief  cause  of  this  weakening  of  the  current  is 
the  setting  up  of  an  opposing  electro-motive  action,  for  the  hydrogen 
gas  is  electro- positive  to  the  copper,  and  tends  to  start  a  current  in  the 
opposite  direction  to  the  regular  one.  To  avoid  this  polarization  it  is 
necessary  to  suppress  the  accumulation  of  hydrogen.  This  is  usually 
accomplished  by  chemical  means,  which  consists  in  introducing  into  the 
cell  some  substance  that  possesses  a  strong  chemical  affinity  for  the 
hydrogen,  thereby  removing  it  without  interfering  with  the  working  of 
the  cell.  The  various  means  whereby  this  is  accomplished  will  be  ex- 
plained under  the  individual  cells,  which,  in  view  of  this,  are 
^         divided  into  two  general  classes, — namely ,(?»^- and  two-AmA. 

4.  Voltaic  Batteries. 

One-Fluid  Cells. — Though  simpler  than  the  two-fluid 
cells,  these  are  subject  to  polarization  to  a  greater  or  less 
degree.  However,  if  allowed  to  rest  at  frequent  intervals, 
they  rapidly  regain  their  original  strength.  These  one- 
fluid  batteries  are  especially  adapted  for  "open-circuit" 
service,  such  as  electric  bells,  signal  circuits,  etc.,  where  the 
current  is  only  required  momentarily. 

The  Bichroma  e  Cell. — A  convenient  form  is  known  as 
the  Grenet  Dip  Battery  (Fig.  65).  This  consists  of  two  car- 
bon plates,  c  c,  with  a  zinc,  z.  This  latter  is  attached  to  a 
sliding  rod.  so  that  it  can  be  raised  out  of  the  fluid  when  not  in  use. 
The  exciting  fluid  consists  of  potassium  bichromate  (9  parts),  sulphuric 
acid  (25  parts),  and  water  (66  parts).  Polarization  is  prevented  through 
the  reducing  action  of  the  liberated  hydrogen  on  the  chromic  oxide.* 


*  The  chemical  action  in  Ihe  excitinjjj    solution  is    KaCriO? -|- /HtSOt  =  aCfOi 
-I-  KaS04  -}-  F  l20  -}-  6HaS04.     When  in  action  it  is  as  follows  : 

(a)  3Zn  ■+-  3(  H2SO4)   -:  3ZnS04  i-  3Ha. 

(b)  2CrOs  ^-  3Ha  -    CraOa  -f  3HaO. 

(c)  CraOa  {  3(H8S04)  -  Cra(S04)8 -f  sHiO. 
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The  E.M.P.  of  this  cell  is  about  2  volts.  It  loses  in  intensity  when 
used  for  long  periods,  but  regains  it  when  allowed  to  remain  out  of 
action  for  a  time. 

The  Leclanchi  Cell  (Fig.  66). — This  consists  of  an  inner  porous  earthen 
cup  which  contains  a  carbon  plate  packed  in  fragments  of  coke  and 
manganese  dioxide.  The  top  is  covered  with  a  layer  of  pitch.  The 
positive  plate  is  a  rod  of  zinc,  which  dips  in  an  exciting  fluid  consisting 
of  a  saturated  solution  (6  ounces  to  a  quart  jar)  of  sal  ammoniac  con- 
tained in  the  outer  glass  jar.  Through  the  action  of  the  salt  on  the  zinc 
a  double  chloride  of  zinc  and  ammonium  is  formed,  while  ammonia  and 
hydrogen  gases  are  liberated  at  the  carbon  pole.  The  hydrogen  combines 
with  the  oxygen  evolved  by  chemical  action 
from  the  depolarizer  (manganese  dioxide),  and 
forms  water.  If  electric  action  is  continued  for 
too  long  a  time,  excessive  quantities  of  hydrogen 
collect  and  polarization  ensues,  for  the  oxygen  is 
not  developed  with  sufficient  rapidity;  hence 
short  periods  of  rest  are  necessary.  The  great 
popularity  of  this  cell  may  be  judged  from  the 
variety  of  forms  in  which  it  appears  on  the  market. 
It  does  not  require  renewing  for  months,  or  even  ^ 
years.  The  E.M.F.  of  this  cell  is  about  1.43  ' 
volts.  Other  kinds  of  one-fluid  cells  are  the 
Smee,  WoUaston,  and  mercuric  sulphate  batteries. 

Two-Fluid  Cells. — These  are  known  as  "  closed  i-ecunche  ceii. 

circuit"  or  "constant"  batteries,  because  of  the  constancy  of  their  ac- 
tion when  in  continuous  use,  such  as  is  required  in  telegraphy,  electro- 
plating, etc.  In  these  batteries  the  conducting  element  (copper,  plati- 
num, or  carbon)  is  immersed  in  a  fluid  which  is  capable  of  suppressing 
the  hydrogen,  while  the  soluble  element  (zinc)  is  surrounded  by  a  fluid 
capable  of  combining  with  it. 

The  Daniell  Cell  (Fig.  67).^This  is  one  of  the  oldest  and  best  two- 
fluid  cells  in  use.  The  outer  glass  vessel  contains  a  solution  of  copper- 
sulphate  kept  saturated  by  adding  some  crystals  of 
the  salt.  In  this  is  placed  a  perforated  cylinder  of 
■  copper.  Inside  of  this  cylinder  is  set  the  porous  earth- 
enware cup  containing  dilute  sulphuric  acid  and  a 
small  cylinder  or  rod  of  amalgamated  zinc.  The  chemi- 
cal reaction,  when  in  use.  is  as  follows.  Hydrogen  is 
liberated  by  the  oxidation  of  the  zinc,  and  passes 
through  the  porous  cup  to  the  copper  sulphate  solu 
tion,  which  it  decomposes  into  metallic  copper  and 
sulphuric  acid.  The  former  is  deposited  on  the  cop- 
""""""■  per  element,  while  the  latter  passes  to  the  zinc  to 
replace  that  already  consumed  in  forming  zinc  sulphate.  This  reaction 
with  the  current  will  continue  as  long  as  the  outer  vessel  is  provided  with 
copper  sulphate.    The  hydrogen  is  thus  entirely  suppressed  and  depolari- 
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zation  is  complete.    The  E.M.P.  of  this  cell  is  i.i  volts.    The  Meidinger 
«nd  Crowfoot  cells  are  modifications  of  this. 

The  Bunsen  Cell  (Fig.  68). — ^This  consists  of  an  amalgamated  rinc 
cylinder  immersed  in  dilute  sulphuric  acid  contained  in  a  jar.  Within 
this  is  a  porous  cup  containing  a  rod  of  hard  gas  carbon  immersed  in 
strong  nitric  acid.  The  "Grove"  cell  differs  from  this  only  in  the  re- 
placement of  the  carbon  by  a  strip  of  platinum.  The  hydrt^en  liberated 
by  the  zinc  passes  through  the  cell  and  unites  with  a  portion  of  the 
nitric  acid,  forming  water  and  decomposing  the  acid.  The  production  of 
p,a.6B.  fumes   (NjO,)  is  the  chief  objection  to  this  excellent 

and  powerful  cell.    The  E.M.F.  is  1.93  volts. 

1.  Electrical  Units — When  electricity  is  passing. 
^  even  though  it  be  through  what  we  call  a  conductor,  it 
meets  with  resistance.*  For  purpose  of  comparison  it  is 
desirable  to  have  a  uniform  method  of  measuring  this. 
The  unit  of  resistance  is  called  the  Ohm,  and  is  the  re- 
sistance of  a  column  of  pure  mercury,  having  a  section 
of  one  square  millimeter  and  a  length  of  106.3  centi- 
'  meters,  at  a  temperature  of  0°  C.  For  convenience,  coils 
of  wire  with  a  known  resistance  in  ohms  are  used. 
Bunsen  ce! .  These  are  known  as  resistance  coils,  and  are  prepared 
in  sets,  so  that  any  resistance  within  quite  wide  limits  can  be  measured 
with  their  aid.  It  is  by  such  means  that  the  location  of  a  break  in  the 
ocean  telegraph  cable  can  be  ascertained  so  that  the  cable  may  be  grap- 
pled for  and  repaired. 

The  unit  of  current  strength  is  called  the  Ampere.  It  is  the  rate  of  flow 
of  a  current  which  under  the  electro-motive  force  (pressure)  of  one 
volt  flows  through  a  circuit  which  offers  a  resistance  of  one  ohm.  An 
ampere  of  current  will  deposit  0.327  milligram  of  copper  a  second,  or 
I.I 77  grams  per  hour.  The  current  is  also  often  measured  by  the 
amount  of  hydrogen  and  oxygen  liberated  within  a  given  time  by  the 
electrolysis  of  water. 

The  pressure,  or  difference  of  potential,  which  causes  the  electricity 
generated  in  a  battery  or  cell  to  overcome  the  resistance  of  the  circuit 
and  so  effect  its  passage,  is  called  its  electro-motive  force.'  The  unit  of 
electro-motive  force  is  called  the  Volt.  It  is  the  pressure  required  to 
maintain  a  current  of  one  ampere  through  a  resistance  of  an  ohm ;  prac- 
tically, it  is  represented  by  the  E.M.F.  of  the  Daniell  cell. 

The  instruments  employed  for  measuring  the  amperage  and  voltage 

*  Various  metals  differ  materially  as  conductors:  thus,  silver  is  the  best,  and 
is  followed  in  order  by  copper,  aluminum,  zinc,  brass,  iron,  etc.  The  bettM  the 
conductor  the  less  the  resistance.  Again  a  difference  in  dimensions  of  a  given 
conductor  offers  differences  in  resistance;  for  example,  taking  two  round  copper 
wires  of  the  same  diameter  one  100  feet  in  length  will  offer  twiee  aa  much  loBistance 
as  will  one  of  50  feet,  If  we  have  two  round  copper  wires  each  50  feet  lone,  and 
one  has  twice  the  diameter  of  the  other,  the  smaller  one  will  have  twice  tne  le- 
sistance.  So  the  greater  the  length  the  greater  will  be  the  resistance,  and  the 
greater  the  diameter  the  less  the  resistance. 
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of  currents  are  called  amtneters  (ampere-meters)  and  voltameters,  and  are 
explained  on  page  107.  The  relation  of  these  three  units  is  expressed  in 
Ohm's  law.  The  Current  (in  amperes)  is  equal  to  the  Electro-motive 
Force  (in  volts)  divided  by  the  Resistance  (in  ohms).  Any  two  terms 
being  known,  the  third  can  be  calculated;  for,  if 

C  =  -.  then  E  =  C  X  R  and  R  =  -.* 

6.  Battery  Formation. — ^A  number  of  voltaic  cells  may  be  coupled 
together  for  the  purpose  of  increasing  the  quantity  and  intensity  of  the 
current.  Such  an  arrangement  is  called  a  voltaic  battery.  The  coupling 
may  be  effected  in  several  ways.  Two  methods,  however,  demand  atten- 
tion,— ^namely,  the  series  and  parallel  couplings.  When  joined  '*  in  series," 
each  zinc  is  joined  to  the  copper  or  carbon  of  the  next  cell,  and  so  on  to 
the  end  of  the  line,  the  one  terminal  being  a  zinc  and  the  other  a  carbon 


or  copper  plate :  thus,      j     I     I     | 


h- 


If  the  external  circuit   resistance  (R)  is  great,  the  intensity  is  proportional  to 

ft'R 
the  number  (n)  of  cells;    C  =  — -•  • 

If  the  external  resistance  is  small,  series  coupling  presents  no  advantage  over 

£ 
one  cell,  for  C  =  — ^r  =  internal  cell  resistance). 

r 

When  joined  "parallel,"  all  the  zincs  are  coupled  together  and  all  the 
coppers  or  carbons  together.         MK    MH    MJ-.  This  arrange- 

ment does  not  give  any  greater  E.M.F.  (voltage)  than  one  cell,  for  the 
conditions  are  as  though  we  had  but  one  huge  cell  with  very  large  zinc 
and  copper  (carbon)  plates. 

E 
If  the  external  resistance  is  great,  the  intensity  is  the  same  as  one  cell,  for  C  =  — . 

Xx. 

If  the  internal  resistance  is  small,  to  that  of  the  cells  (r),  the  current  is  proportional 
to  their   number,   for  C= . 

*  Examples : 

z.  What  will  be  the  resistance  of  a  conductor  through  which  a  current  of  5 
amperes  is  passing  under  a  pressure  of  30  volts? 

R  =  3-  =  6  ohms. 

S 

a.  How  many  amperes  will  flow  through  a  conductor  having  a  resistance  of 

ID  ohms  under  a  pressure  of  zzo  volts? 

^      no 

C  = =  1 1  amperes. 

3.  How  many  volts  of  pressure  will  be  necessary  to  force  10  amperes  through 
a  resistance  of  a  ohms? 

E  =  10  X  a  =  ao  volts. 
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//  the  external  resistance  is  great,  the  elements  are  arranged  in  serits.  If 
small,  then  parallel,  to  get  as  great  intensity  as  possible. 

7.  Accumulatora,  Secondary  or  Storage  Batteries  (Fig.  69). — 
In  these  the  electrical  energy  furnished  is  due  to  an  expenditure  of  chemi- 
cal energy  within  tlie  cell.  Chemical  energy,  and  not  electricity,  is  stored. 
The  form  of  accumulator  more  commonly  in  use  is  made  by  filling  the 
openings  of  two  leaden  grids  with  a  paste  of  red  lead  (PbjOJ  and  dilute 
sulphuric  acid.  When  this  has  hardened,  the  plates  are  placed  in  a  vat 
of  acidulated  water  and  a  dynamo  current  is  passed  through,  the  directioa 
of  which  is  changed  from  time  to  time,  until 
the  red  lead  on  the  anode  plate  has  been 
converted  into  a  semi-porous  film  of  brown 
peroxide  (PbOj),  and  that  on  the  cathode 
plate  has  assumed  a  state  of  spongy  metallic 
lead  (Pb) .  We  now  have  two  different  elements 
(PbO,  and  Pb),  which  may  be  coupled  with 
others,  if  desirable,  and  placed  in  a  container 
with  dilute  sulphuric  acid  as  excitant.  A  « 
layer  of  felt  may  be  placed  between  the  grids, 
I  The  chemical  reaction  that  takes  place  dur- 
ing the  discharge  is  the  transferrence  of  one 
atom  of  oxygen  from  one  plate  (PbO^  to  the 
other  (Pb),  whereby  lead  oxide  (PbO)  is  pro- 
duced ;  and  as  soon  as  both  plates  are  alike  (PbO)  the  current  ceases.  The 
sulphuric  acid  present  converts  the  lead  oxide  of  both  plates  into  lead 
sulphate.  The  plates  are  recharged  by  immersing  in  acidulated  water 
and  passing  the  current  through  in  alternate  directions,  whereby  the  lead 
sulphate  is  reconverted  into  lead  peroxide  and  spongy  lead  with  liberation 
of  sulphuric  acid.  The  E.M,F.  of  these  single  cells  of  two  plates  is  about 
a  volts.  The  capacity  of  an  accumulator  is  measured  in  terms  of  ampere' 
hours.  A  cell  of  the  capacity  of  100  ampere-hours  will  furnish  a  current 
of  I  ampere  for  100  hours  or  a  amperes  for  50  hours  or  4  for  35  hours. 

The  cheap  Dry  Cell,  which  has  become  popular  for  running  electric 
bells  and  circuits,  is  based  on  that  of  Obach,  which  consists  of  an  outer 
cylinder  of  zinc,  which  serves  as  a  case.  This  is  lined  inside  with  a  layer 
of  plaster  of  Paris,  saturated  with  sal  ammoniac,  kept  separate  from  the 
inside  contents  by  a  layer  of  paper.  The  core,  or  central  portion,  con- 
tains a  carbon  cathode  embedded  in  a  mixture  of  manganese  dioxide 
(MnOj)  and  ground  retort  carbon, 

8.  Effects  of  Current  Electricity. — The  main  distinctions  be- 
tween the  frictional  current  or  discharge  and  the  current  developed  by 
voltaic  action  are  in  tension  or  difference  of  potential  and  in  amount  of 
the  current,  Frictional  electricity  is  of  high  tension  but  small  in  total 
amount,  while  the  voltaic  current  is  of  low  tension  but  greater  in  amount 
as  measured  in  amperes.  Hence  the  effects  will  differ  somewhat.  The 
mechanical  effects  of  voltaic  electricity  are  very  slight  as  compared  with 
those  of  frictional  electricity.      The  physiological  effects  are  also,  a>  a 
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rule,  very  much  milder  than  those  of  the  spark  discharge.  The  wires 
from  a  voltaic  battery  of  a  dozen  cells  may  be  held  in  the  hands  without 
appreciable  shock,  but  a  tingling  sensation  is  felt  from  very  strong  cur- 
rents, and  prolonged  contact  with  the  wires  has  an  exciting  effect  upon 
the  nerves.  The  heating  effects  are  dependent,  of  course,  upon  the  resist- 
ance which  the  circuit  offers  to  the  passage  of  the  current  and  to  the 
amount  of  ctirrent  passing.  With  good  conductors  like  copper,  of  suffi- 
cient section,  the  heating  effect  is  slight ;  with  wires  of  insufficient  section, 
or  with  poor  conductors,  like  platinum,  iron,  or  German  silver,  the  resist- 
ance becomes  relatively  great  and  the  wire  becomes  strongly  heated. 
It  is  thus  possible,  with  relatively  moderate  currents,  to  fuse  a  thin 
platintun  wire  which  may  be  interposed  in  the  circmt.  The  luminous 
effects  of  voltaic  electricity  are  obtained  under  two  distinct  conditions: 
First,  when  two  wires  from  the  electrodes  of  a  battery  are  brought 
together,  thus  closing  the  circuit,  a  spark  is  seen  at  the  point  of  contact, 
often  of  great  brilliancy.  This  is  also  seen  on  breaking  the  circuit. 
Secondly,  the  resistance  offered  to  the  passage  of  the  current  through  a 
poor  conductor  often  heats  the  latter  to  such  a  degree  that  it  becomes 
luminous.  Both  of  these  methods  of  obtaining  luminous  effects,  we  will 
see  later,  are  practically  applied  in  electric  lighting. 

The  chemical  effects  of  the  battery  current  are  notably  more  important 
than  are  those  of  frictional  electricity,  because  the  greater  amount  of 
dectricity  and  the  duration  of  the  current  in  the  first  case  make  possible 
effects  not  to  be  attained  in  the  other  case.  Thus,  the  current  passed 
through  acidified  water,  as  shown  in  Fig.  70,  will  decompose  it  into  its 
constituents,  hydrogen  and  oxygen  gases,  by  a  process  termed  electrolysis. 
Similar  results  are  obtained  with  solutions  of  many  chemical  salts. 
This  will  be  more  fully  treated  of  later  imder  the  electro-deposition  of  the 
metals,  or  electro-metallurgy  (see  page  703) . 
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Electro-Magnetics. 


g.  The  Electro-Magnet. — Soft  iron  bars  become  magnetic  when 
brought  near  to  wires  carrying  a  galvanic  current,  the  magnetism  lasting 
as  long  as  the  current  continues,  while  steel  becomes  permanently  mag- 
netic. If  an  insulated  wire  be  coiled  around  the  bar,  the  magnetic  effect 
will  be  increased  in  proportion  to  the  number  of  coils.  To  make  a  power- 
ful horseshoe  magnet,  therefore,  it  is  only  necessary  to  take  a  bent  or 
two  short  bars  of  soft  iron  joined  at  one  end  by  a  cross-piece  of  similar 
metal,  surround  these  bars  by  coils  or  bobbins  of  insulated  wire,  and  pass  a 
current  through  the  coils.  While  the  current  passes  we  have,  as  shown 
in  Fig.  71,  a  powerful  magnet,  but,  as  soft  iron  has  little  or  no  coercive 
force,  the  moment  the  current  ceases  the  magnetism  of  the  iron  cores  dis- 
appears. The  coils  should  be  wound  or  connected  so  that  the  current 
passes  arotmd  one  coil  in  one  direction  and  around  the  other  in  the 
opposite  direction,  in  order  that  one  shall  form  a  north  pole  and  the 
other  a  south  pole.  Electro-magnets  are  used  in  almost  all  forms  of 
practical  electrical  apparatus. 
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The  Galvanometer. — In  i8ig  Oersted  made  the  discovery  that  a  m^- 
netic  needle  tends  to  set  itself  at  right  angles  to  a  wire  which  carries  an 
electric  current,  and  that  this  deflection  is  governed  by  the  direction  of 
Flo.  70.  Fig.  71. 


the  current.  For  example,  if  an  insulated  coppCT  wire  attached  to  both 
poles  of  a  battery  is  held  above  and  parallel  to  a  m^netic  needle,  and 
the  current  flows  along  from  north  to  south,  it  will  cause  the  north  end 
of  the  needle  to  turn  eastward  (Fig,  72);  if  the  current  flows  from  the 


south  to  the  north  in  the  wire,  the  north  end  of  the  needle  will  be  deBected 
westward.  If  the  wire  is  held  below  the  needle,  the  movements  of  the 
needle  will  be  reversed, — that  is,  the  current  flowing  from  north  to  south 
will  cause  the  north  pole  of  the  magnet  to  turn  westward.* 


•  In  order  to  retain  these 


i  cite  the  rule  of  Amp£re,— 4uundy, 
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If  instead  of  iising  a  straight  wire  it  is  bent  in  the  form  of  a  loop  so 
that  the  current  will  pass  above  and  below  the  needle  (Fig,  73),  the 
deflecting  force  of  the  current  will  be  doubled,  for  the  current  flows 
above  and  below  in  opposite  directions ;  hence  both  de-  ^.^  ,„ 

fleet  the  needle  in  the  same  direction.  Such  an  ar- 
rangement is  called  a  galvanoscope,  and  serves  in  a  rough 
way  to  indicate  the  presence  and  direction  of  weak 
currents.  To  render  this  instnmient  more  sensitive 
and  adapt  it  for  quantitative  use,  the  number  of 
turns  of  insulated  wire  around  the  needle  must  be 
increased,  the  effect  upon  the  needle  being  multiplied 
as  many  times  as  there  are  turns  or  coils,  also  the  (Urec- 
tive  force  of  the  earth's  magnetism,  which  tends  to  keep 
the  needle  pointed  north  and  south,  must  be  decreased  by  some  compen- 
sating arrangement.  This  usually  consists  in  suspending  by  means  of 
the  same  silk  thread  or  hair,  a  magnetic  needle  above,  with  its  poles  re- 
versed to  the  one  in  the  coil  below;  such  a  contrivance  is  known  as  an 
astatic  combination  (Fig.  74),  and  the  instrument  as  a  galvanometer* 
Voltameters  and  Arnmeters. — For  measuring  the  pressure  and  intensity 
of  currents,  instruments  are  used  based  upon  the  principle  that  a  piece 


of  soft  iron  suspended  inside  of  a  coil  of  insulated  wire  through  which 
the  current  passes  strives  to  place  itself  in  the  strongest  part  of  the 
magnetic  field,  and  according  to  the  strength  of  the  current  the  degree  of 
attraction  varies. 

The  amperemeter  (ammeter)  consists  of  a  wooden  spool  around 
which    are   wound   a   few   turns   of   thick    (low    resistance)    insulated 

•  A  galvanometer  for  measurinK  very  minute  currents  must  have  many  wind. 
mgs  of  fine  wire,  for  the  current  must  circulate  hundreds  or  thousands  of  times 
tiDtmd  the  n^dle  in  order  to  multiply  its  efTects  so  as  to  turn  the  needle;  this 
■not  alK>  be  the  case  if  the  current  nas  passed  through  a  long  circuit  or  one  of 
ht^  fcBistanoe,  as,  for  example,  the  telegraph.  Large  currents  need  a  coil  of 
tludE  wire  of  but  few  turns. 
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wire.  Inside  this  spool  is  suspended  a  light  soft  iron  core  attached  to  a 
wire  indicator.  The  stronger  the  current  flowing  through  the  coil,  the 
deeper  will  the  iron  core  be  drawn  down,  carrying  the  indicator  along  the 
scale  accordingly. 

The  voltameter  is  similarly  constructed  excepting  that  the  spool  is 
covered  with  many  windings  of  thin  insulated  wire  of  high  resistance ;  ver^' 
little  current  will  flow  through  it ;  however,  what  current  does  flow  will 
be  exactly  proportional  to  the  potential  difference  between  the  two  poles 
of  the  circuit;  hence  will  indicate  pressure  or  voltage  of  the  current. 
Other  instruments  depend  on  the  magnetizing  influence  of  the  current  on 
strips  of  iron,  whereby  one,  attached  to  an  indicator,  is  attracted  or 
repelled  by  the  other. 

Applications  of  Electro-Magnetish. 

10.  Electric  Bells. — These  are  based  on  the  principle  of  the  electro- 
magnet, which,  by  attracting  and  releasing  an  armature,  to  which  is 
attached  a  hammer,  causes  a  backward  and  forward  movement,  striking 
a  bell.    The  working  of  these  is  shown  in  Fig.  76,  in  which  the  electro- 


magnet,  E,  is  controlled  by  a  Leclanch^  or  dry  cell.  The  instant  that  the 
circuit  is  closed  by  pressing  the  button,  p  (Fig.  76),  the  current  flows 
through  the  coils  and  causes  the  electro-magnet  to  attract  the  armature 
with  hammer,  h.  This  forward  movement  of  the  armature  breaks  the 
circuit,  for  the  current  passes  through  it  and  the  spring  contact-breaker 
resting  against  the  tip  of  the  screw,  c,  from  whence  it  passes  back  to  the 
zinc  pole  of  the  battery.  The  circuit  having  been  broken,  the  electro- 
magnet ceases  to  attract,  but  the  momentum  already  inparted  carries 
the  hammer  forward.  Immediately  afterwards,  however,  the  spring 
forces  it  back  to  its  original  position.  These  movements  are  repeated  in 
rapid  succession  as  long  as  the  circuit  is  kept  closed. 

II.  Electric    Clocks.  —  By    means    of   a   standard    central    dodc 
which  is  in  electric  connection  with  a  circuit  containing  any  number  <rf 
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dials,  the  circxiit  is  made  and  broken  periodically  by  the  oscillations  of 
its  pendulum.  These  transmitted  currents  attract  an  armature  behind 
each  dial  on  the  circuit,  which  controls  the  movement  of  a  ratchet  wheel, 
permitting  it  to  move  forward  through  one  tooth  at  the  specified  inter- 
val, so  that  the  hands  of  all  the  clocks  move  simultaneously  with  those 
of  the  standard   clock. 

12.  Telegraphy. — The  telegraph  cannot  be  assigned  to  any  particu- 
lar inventor,  for  it  has  passed  through  successive  stages  to  its  present  state 
of  perfection.  Lesage  (Geneva,  1774)  was  the  first  to  construct  a  tele- 
graph, in  which  34  wires  were  employed,  each  wire  being  connected  with 
a  pith-ball  electroscope  representing  a  letter  of  the  alphabet.  Joemmer- 
ing  (Munich,  1808)  employed  35  eudiometer  tubes,  each  separately  con- 
nected, and  the  electrolytic  decomposition  of  the  water  contained  in 
each  served  as  a  signal.  Webci  and  Gauss  (Goettingen ,  1833)  employed 
the  right  and  left  deflections  of  a  galvanometer  needle  to  indicate  a  code 
of  signals.  Steinheil  (Munich,  1837)  discovered  that  the  current  could  be 
carried  by  a  single  wire,  the  earth  being  used  in  place  of  a  return  wire. 
Henry  (New  York,  1831)  utilized  the  attraction  of  an  electro- magnet  on 
an  armature  to  produce  sound  signals,  and  Morse  (1835)  devised  a  code  of 
alphabetic  signals,  consisting  of  dots  and  dashes,  which  were  made  on 
moving  strips  of  paper.    The  telegraphic  apparatus  consists  of 

I.  The  Battery  and  the  Wire  Circuit. — The  kind  of  battery  employed 
varies  in  different  countries,  but  is  usually  some  modification  of  the 
Daniell  cell.  A  galvanized  iron  wire  connects  the  different  stations,  while 
the  return  current  is  provided  for  by  ground  plates  sunk  in  the  earth, 
which  acts  as  a  common  reservoir,  giving  and  receiving  electric  energy 
rather  than  conducting  it. 

a.  The  Communicator,  or  Key. —This  consists  of  a  horizontal  lever,  by 
means  of  which  the  sender  controls  the  current  and  can  establish  or  break 

contact  by  pressure  of  the  finger,  pro-  

ducing   at    the  receiving  station   the 
clicks  or  signals. 

3.  The  Sounder  {Fig.  77)  is  the  re- 
ceiving instrument,  which  is  an  electro- 
magnet. This,  when  the  current  passes 
through  the  coils,  attracts  an  armature 
for  a  longer  or  shorter  period  of  time. 
This  instrument  can  be  arranged  as  a 
"sounder,"  in  which  the  movements 
of  the  armature  cause  a  clicking  sound 
by  striking  against  a  stop;  or  as  a 
"register,"  in  which  case  the  armature,  by  means  of  an  attached  pin, 
prints  dots  and  dashes  upon  a  strip  of  paper  drawn  through  the  instru- 
ment by  means  of  clock-work.  The  Morse  system,  which  is  universally 
employed,  uses  as  alphabet  a  series  of  dots  and  dashes,  indicated  by 
longer  or  shorter  chcks,  as  heard  from  the  sounder  or  imprinted  on 
paper. 


no 
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4.  The  Relay. — On  lines  of  not  over  thirty  miles  in  length  the  sounders 
can  be  operated  by  the  current  generated  by  the  batteries  of  the  terminal 
stations,  but  on  longer  lines  the  resistance  weakens  the  current  to  such 
an  extent  that  a  relay,  or  repeater,  which  consists  of  an  additional 
electro-magnet  with  a  local  battery,  must  be  inserted. 

Fig.  78  illustrates  the  simplest  possible  case  of  an  open  single-current 
method  of  telegraphing.  On  depressing  the  key  k,  the  current  flows 
from  the  battery,  b,  through  the  line  and  enters  the  receiving  instrument, 
causing  the  electro-magnet,  e',  to  attract  the  sounder,  s',  returning 
through  the  ground  plate,  g',  to  g  and  the  battery  whence  it  started. 
If  key  k'  is  depressed,  the  reverse  action  takes  place. 

Duplex,  Diplex,  and  Quadruplex  Telegraphy, — Two  messages  sent 
through  the  same  wire  simultaneously  from  opposite  terminals  consti- 
tute ** duplex"  telegraphy;  when  both   are   transmitted  through  the 

Fig.  78. 
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Principle  of  telegraph. 

same  wire  in  the  same  direction,  "diplex;"  while  "quadruplex"  tele- 
graphy combines  both  the  duplex  and  the  diplex  systems.* 

Cable  or  Submarine  Telegraphy. — The  transmitting  cable  is  made  of 
seven  or  more  No.  16  copper  wires,  protected,  first,  by  a  layer  of  gutta- 
percha, then  by  a  woven  coating  of  jute.  Outside  of  this  is  a  layer  of  at 
least  ten  steel  wires,  which  are  still  further  protected  by  wrapping  in 
hemp.  Strong  currents  cannot  be  employed,  for  the  cable  and  its  non- 
conducting sheath,  when  immersed  in  water,  produce  excessive  electro- 
static charges,  like  those  of  the  Ley  den  jar,  which  impede  electric  trans- 
missions. For  each  signal  a  current  is  sent  into  the  cable,  followed  by  a 
reactive  opposing  current,  which  again  discharges  it.  Since  the  currents 
transmitted  are  very  weak,  it  is  necessary  that  an  exceedingly  sensitive 
receiving  apparatus  be  employed.  This  is  a  galvanometer,  called  Lord 
Kelvin's  Siphon  Recorder,  which  consists  of  a  coil  of  wire  suspended 
between  the  poles  of  a  powerful  magnet.  To  this  coil  is  attached  a  fine 
glass  siphon,  one  extremity  of  which  dips  into  a  vessel  of  ink,  and  as  the 
coil  oscillates  backward  and  forward  like  the  needle  of  an  ordinary 


*  For  explanation  of  these  systems,  see  Electricity  and  Magnetism,  by  S.  P. 
Thompson,  published  by  the  Macmillan  Company. 
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galvanometer  the  ink  flows  from  the  siphon,  producing  on  a  moving  strip 
of  paper  a  wavy  line,  having  short  and  long  waves  for  dots  and  dashes. 
The  duplex  system  is  used  on  all  cables.  The  rate  of  speed  for  messages 
varies  according  to  the  length  of  the  cable;  the  cable  between  New- 
foundland and  Ireland  admits  loo  letters  (about  25  words)  per  minute, 
the  speed  decreasing  inversely  with  the  square  of  the  distance. 

Wireless  Telegraphy  is  based  on  the  transmission  of  electnc  waves 
through  space.  Messages  are  readily  transmitted  to  a  distance  of  over 
1500  miles.  The  transmitting  instrument  is  a  vertical  pole  carrying  a 
wire  from  50  to  100  feet  high ;  with  it  is  connected  one  of  the  knobs  of  an 
induction  coil,  while  the  other  knob  communicates  with  the  ground  or 
water.  Every  spark  which  passes  between  the  knobs  at  the  bottom  of 
the  pole  answers  as  a  signal  dot,  while  a  short  succession  of  sparks  indi- 
cates a  dash.  These  sparks  produce  electric  pulsations  in  the  vertical 
wire,  which  are  communicated  as  waves  in  every  direction  through  space. 
The  receiver  is  a  live  aerial  wire  connected  to  the  earth  through  a  simple 
apparatus  called  a  **  coherer,"  the  wire  terminals  of  this  are  also  joined  to 
a  circuit  connected  to  a  relay  or  telephone.  This  coherer  is  a  glass  tube 
of  about  4  nun.  internal  diameter  and  exhausted  of  air;  sealed  into  both 
ends  are  two  platinum  wires  attached  to  silver  plugs;  the  opposed 
faces  of  these  are  very  smooth  and  placed  within  i  mm.  of  each  other. 
The  interspace  is  filled  with  nickel  (95  p.)  and  silver  (5  p.)  fiHngs.  The 
instant  the  transmitted  electric  waves  fall  on  the  vertical  wire  connected 
with  this  coherer  its  resistance  is  reduced,  and  a  current  flows  through 
the  circuit  and  operates  the  electro-magnet  of  the  receiver,  producing 
dots  and  dashes  of  the  Morse  code.  More  sensitive  is  the  microphone 
receiver  (coherer),  which  consists  of  an  iron  and  carbon  rod  separated 
by  a  globule  of  mercury  enclosed  in  a  glass  tube  and  connected  with  a 
telephone. 

Voltaic  Induction. 

13.  Induction  Currents. — Faraday  (1831)  made  the  discovery  that 
instantaneous  currents  of  electricity  are  produced  in  closed  circuits  by 
the  movement  of  a  magnet  in  proximity  to  them ;  also  by  a  similar  move- 
ment of  a  conductor  traversed  by  an  electric  current ;  a  current  whose 
strength  is  changing  will  produce  the  same  effect.  Such  currents  are 
known  as  faradic  or  induced  currents,  and  on  this  principle  are  based  the 
induction  coil,  dynamo  machines,  alternate  current  transformers,  etc. 

(a)  Induction  of  Currents  by  Currents. — To  illustrate  this  two  coils  of 
insulated  wire,  wound  on  spools,  are  selected.  One  of  these,  known  as 
the  primary  or  inducing  current  coil,  is  made  sufficiently  small  to  fit 
inside  of  l^e  other,  and  its  terminals  are  connected  with  a  battery.  The 
terminals  of  *the  larger  coil,  which  is  called  the  secondary  or  induced 
current  coil,  are  connected  with  a  galvanometer.  If  the  primary  (smaller) 
coil  is  introduced  inside  of  the  secondary  (larger),  the  galvanometer  will 
show  that  a  reverse  current  of  momentary  duration  has  been  induced 
in  the  latter,  moving  in  the  opposite  direction  to  that  circulating  in  the 
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primary.  The  instant  the  primary  current  ceases  to  flow  or  the  ccnl  is 
withdrawn,  a  direct  current  is  induced  in  the  secondary  coil,  moving  is 
the  same  direction  as  that  of  the  primary. 

(b)  Induction  of  Currents  by  Magnets. — 1£  in  the  above  experiment 
the  primary  coil  is  substituted  by  a  magnet,  it  will  be  found  that  on  insert- 
ing a  bar  magnet  inside  of  the  secondary  coil  the  needle  of  the  galvano- 
meter wiTl  be  deflected,  showing  thereby  that  an  electric  current  has  been 
induced.  This  current  is  of  momentary  duration  only,  and  when  the 
magnet  is  withdrawn  the  needle  will  be  deflected  in  the  opposite  direc- 
tion, showing  the  induction  of  a  reverse  current.  If  the  poles  of  the 
magnet  be  reversed  the  direction  of  each  current  will  be  reversed.  This 
subject  will  be  further  explained  under  magneto-electric  currents,  on 
page  1 1 6, 

The  Induction  or  Ruhmkorff    Coil    is  a  practical  application  of  the 

preceding  principles.     By  means  of  this  we  are  able,  with  a  few  voltaic 

cells,  to  produce  an  exceedingly  high  E.M.F.  or  potential  diflerence,  which 

p,,;  ^  in  a   large  coil   is  equivalent  to  many 

/"  -\  thousand  volts.     For  example,  a  battery 

^-/        \  ■  of  600,000  Daniell  cells  would  be  required 

^^^^^^^^^k  to  produce  a  spark  of  6  inches,  while  by 

^^^^^^^^^^^  aid  of  an  induction  coil  the  same  may 

^^J^^^^^^^H^^aJb         be  accomplished  with  perhaps  10  c^. 

^S^^^^^^^SBB^m        ^"  induction  coil  (Figs.  79,  80)  consists 

^^^^^^^BHH^^^I^  of  a  central  core  made  of  a  bundle  of 

^H^^^^^^^^^^^^^BB  soft         wires*  around  which  are  wound 

^^^^^^^^^^^^^  a  few  turns  of  heavy  insulated  copper 

Induction  »n.  .^jj,g  ^pj,    pjg    g^j  Qj  j^j^  resistance,  in 

order  that  it  may  carry  strong  magnetizing  currents.  The  one  ter- 
minal of  this  coil  connects  with  a  switch  and  this  with  the  negative 
pole  of  a  battery ;  the  other  is  attached  to  the  spring  of  the  vibrator  or 
contact  breaker,  a.  resting  against  the  set-screw,  b,  which  communicates 
with  the  positive  pole  of  the  battery.  This  is  called  the  primary  circuit. 
On  closing  the  circuit  (by  means  of  the  switch)  the  electro-magnet 
core  of  the  primary  coil  attracts  the  vibrator,  a,  which,  the  instant  it 
leaves  the  set-screw,  a,  breaks  the  circuit.  The  core  loses  thereby  its 
magnetism,  and  the  vibrator  is  forced  back  to  its  original  position  by  its 
spring,  which  again  closes  the  circuit  as  before.  The  make  and  break 
thus  produced  take  place  with  great  rapidity,  giving  rise  to  a  series  of 
primary  intermittent  currents.  By  means  of  the  set-screw,  B,  the  ampli- 
tude of  the  vibrations  may  be  regulated.  Around  the  primary  ctril,  and 
insulated  from  it  by  means  of  a  hard-rubber  casing,  is  the  secondary 
circuit.  SC-,  which  consists  of  many  turns  of  the  thinnest  wire.      For 

*  A  bundle  of  soft  iron  wires  is  employed    as  etectro-magnet  in  preCerSBCe  to 

one  of  solid  iron,  because  of  the  rapidity  with  which  the  wires  can  M  magaetiaed 

and  demagnetized;    the  latter  always  retains   (after  cessattcm  of  the  cunentj  a 

'-nail  amount  of  residual  magnetism  which  would  interfere  with  the  rapid  inBlfi«g 

breaking  of  the  current. 
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example,  a  giant  coil  which  gives  a  spark  of  about  i  meter  contains  480 
kilometers  (300  miles)  of  wire  in  its  secondary  circuit,  with  a  resistance  of 
over  100,000  ohms.  The  tenninals  of  this  coil  end  in  the  knobs,  (,  and 
(,,  across  the  points  of  which,  when  adjusted  to  the  proper  distance, 
brilUant,    snappy    sparks    will    pass.  p,q  g^ 

Every  "make"  of  the  intermittent 
current  in  the  primary  circuit  results 
in  the  induction  of  a  momentary  inverse 
current  in  the  outer  secondary  circuit, 
and  at  every  "break"  a  powerful  mo- 
mentary direct  current;  thus  alternat- 
ing  intermiltent  secondary  currents  of 
high  potential  follow  in  rapid  succes- 
sion. Connected  with  the  primary  cir- 
cuit is  a  condenser,  c,  made  of  alter- 
nate layers  of  tin-foil  and  paraffine  j 
paper,  into  which  the  extra  current  I  ~[|||||  ** 
flows  when  the  circuit  is  broken,  there- 
by increasing  the  E.M.F,  at  the 
"break."  Small  induction  coils  are  employed  in  treating  nervous  dis- 
eases; also  for  electric  gas-lighting,  exploding  mines,  and  bringing  about 
chemical  union  between  gases. 

The  passage  of  a  spark*  between  the  terminals  (,  and  ij  is  accompanied 
by  a  loud  snapping  noise,  which  is  due  to  the  resistance  offered  by,  the 
,„  J,  air;    if,   however,   this    discharge    is    made    to 

take  place  between  two  platinum  electrodes 
sealed  in  the  extremities  of  glass  tubes 
which  have  be  rarefied  to  the  extent  of  nW 
part  of  an  atmosphere,  a  beautiful  luminous 
phenomenon  is  produced,  the  color  and  appear- 
ance varying  with  the  degree  of  exhaustion, 
diameter  of  the  tube,  and  nature  of  the  rarefied 
gas  remaining.  Such  tubes  are  known  as  Geiss- 
ler  tubes,  and,  besides  being  rarefied,  they  are 
often  made  of  fluorescent  (uranium)  glass  or  the 
outer  walls  filled  with  fluorescent  liquids.  If  the 
exhaustion  of  sueh  tube  be  carried  to  a  very  high 
degree,  so  that  only  about  TTj-iriinrtF  part  of  the  air 
originally  contained  remains,  we  will  find,  on 
connecting  with  the  terminals  of  a  5-  to  6-inch 
cnxikc*  tubc.^^owin^  tcAk-  coil,  that  no  electric  discharge  as  heretofore  seen 
takes  place;  but  a  purplish  ray  is  seen  about  the 
cathode,  while  the  interior  of  the  tube  remains  dark  and  the  glass  walls 
become  greenish  fluorescent.     It  was  found  that  the  discharge  from  only 


•  ThU  differs  only  i: 
Lcyden  jar. 


degree  from  that  furnished   by  the  frictional  machine  o 
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which  a  discharge  of  sparks  is  kept  up  while  the  other  plate  is  in  revolu- 
tion. These  conductors  are  provided  with  insulating  handles  of  haid 
rubber,  and  are  made  to  slide  in  and  out  of  metallic  sockets,  so  that  the 
distance  between  the  discharging  knobs  can  be  lengthened  or  shortened 
according  as  the  difference  of  potential  between  the  positive  and  negative 
charges  becomes  greater  or  smaller.  The  discharging  knobs,  D,  and' 
Dj,  communicate  also  with  two  small  Leyden  jars,  j,  and  j,,  the  pur- 
pose of  which  is  to  accumulate  the  charges  before  any  discharge  takes 
place.  Without  them  the  discharges  between  the  knobs  of  the  prime 
conductors  arc  continuous  and  short,  while  with  them  the  sparks  are 
longer,  more  brilliant,  and  louder. 

5.  Electrical  Condensers.  —  If  two  metallic  surfaces  be  brought 
near  to  each  other  and  yet  be  kept  apart  by  some  insulating  medium,  we 
may,  by  charging  one  with  either  positive  or  negative  electricity,  cause 
a  charge  of  opposite  name  to  accumulate  in  the  other  by 
induction.  Hence  such  a  combination  is  called  an  electrical 
accumulator,  or  condenser  of  electricity.  The  simplest  fonn 
would  be  a  pane  of  glass  coated  on  either  side  to  within  an 
inch  of  the  edge  with  sheets  of  tin-foil.  More  generally  a  glass 
jar  is  used,  and  this  is  coated  within  and  without  with  tin- 
foil for  about  two-third.s  of  its  height.  Through  a  cork  or 
wooden  cap  passes  a  metal  rod  terminating  above  in  a  knob 
and  ending  below  in  a  metallic  chain  which  is  long  enough  to 
touch  the  inner  tin-foil  on  the  bottom  of  the  jar.  Such  is 
known  as  a  Leyikn  jar.  It  may  be  charged  by  graspii^ 
—■—-'—  jt  in  the  hand  around  the  side  and  then  holding  the  pro- 
jecting knob  to  one  of  the  prime  conductors  of  the  electrical  machine. 
This  charges  the  inner  coating  with  that  kind  of  electricity  which  had 
accumulated  on  the  prime  conductor,  and  at  the  same  time  the  outer 
coating  by  induction  takes  a  charge  of  the  opposing  kind.  The  jar  may 
then  be  placed  upon  a  table  and  the  charges  will  remain  with  little  loss 
for  quite  a  length  of  time,  but  if  contact  is  made  between  the  inner  and 
the  outer  coatings  by  a  metallic  conductor  or  through  the  body,  the  two 
opposing  electricities  at  once  unite  and  the  jar  is  discharged.  The 
charge  of  the  Leyden  jar  resides  on  the  outside  and  inside  surfaces  of  the 
glass  and  not  on  the  metallic  coating.  This  may  be  proven  by  means  of  a 
dissected  jar,  as  shown  in  Fig.  6,5,  in  which 
two  tin  cups  serve  as  substitutes  for  the  1 
outer  and  inner  coating  of  tin-foil.  When 
the  cupB  arc  in  place  the  jar  is  charged  and  '  . 

set  on  an  insulated  surface  (glass  or  rubber). 
then  the  inner  cup  with  hook  is  removed,  and  by  inverting  the  glass 
tumbler  is  removed  from  the  outer  tin  cup.  It  will  be  found  on  testing 
with  a  pith  ball  that  the  two  surfaces  of  the  glass  are  oppositely  electri- 
fied, while  no  trace  exists  on  either  of  the  two  tin  cups.  On  putting  to- 
gether again  the  jar  wilt  be  found  to  be  still  highly  chained.  When  a 
Leyden  jar  is  heavily  charged,  care  must  be  taken  in  handling,  to  avoid 
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tondni^  the  knob  with  one  hand  while  holding  with  the  other,  as  the 
shock  experienced  may  be  very  severe. 

6.  Electrical  Discharge  and  its  Effects.— The  effect  of  the  spark 
dischai^  depends  very  much  upon  the  nature  of  the  body  through 
which  the  discharge  takes  place.  Its  mechanical  effects  are  seen  most 
readily  in  the  case  of  bad  conductors.  These  are  often  shattered.  Thus 
it  is  possible  to  pierce  card-board  or  leather  readily  with  the  aid  of  the 
dischai^  from  the  Holtz  machine.  A  glass  plate  may  also  be  pierced  in 
this  way.  The  discharge  of  atmospheric  electricity  during  a  thimder- 
stonn,  as  seen  in  the  lightning  flashes,  however,  gives  us  the  mechanical 
effects  on  the  grandest  scale.  The  thunder-cloud  and  the  earth  consti- 
tute the  two  parts  of  a  huge  condenser.  When  the  difference  in  poten- 
tial has  become  sufficiently  great  to  cause  the  discharge  to  take  place 
throi^h  the  intervening  air,  we  have  the  lightning  stroke  which  rends  the 
tallest  trees  as  well  as  buildings  which  stand  out  prominently  or  in  ex- 
posed positions.  Protection  against  this  lightning  discharge  is  sought  in 
the  case  of  tall  edifices  by  the  use  of  metallic  con- 
ductors, which,  while  insulated  from  the  building,  are 
connected  with  the  ground.  These  serve  to  withdraw 
an  electrical  chaise  of  opposite  kind  to  that  of  the 
storm  cloud,  from  the  earth,  restoring  thereby  the 
cknid  to  its  neutral  state. 

The  physiological  effects  of  the  spark  discharge 
consist  in  sudden  vibrating  shocks  felt  when  a  Leyden 
jar  is  discharged  through  the  person,  and  in  a  sharp 
prickling  sensation  felt  on  the  knuckles  or  fingers  when 
the  prime  conductors  of  a  plate  machine  are  touched. 
With  large  jars  or  a  strong  induction  machine  the 
spark  discharge  may  be  quite  dangerous.  As  will  be 
seeD  later,  this  peculiar  physiological  effect  belongs  to 
the  spark  discharge,  whether  from  the  friction  ma- 
chine, the  Leyden  jar,  or  the  secondary  current  of 
the  induction  machine,  because  in  ail  these  cases  the  ^ 
electricity  is  manifested  under  high  difference  of  po- 1 
tential  or  tension.  ~i  i,  d 

The  luminous  effects  of  a  spark  discharge  vary  with  '""'  ''  ™ '"'' 
the  potential  of  the  two  electricities  and  the  medium  through  which  the 
spark  passes.  Thus,  in  ordinary  air  the  spark  is  white  and  brilliant,  in 
rarefied  air  it  is  reddish,  and  in  vacuo  it  is  violet.  Rarefied  gases,  like 
hydrogen,  nitrogen,  and  carbon  dioxide,  also  cause  the  spark  to  show 
in  different  colors  (see  page  113). 

The  spark  passed  through  inflammable  liquids,  like  alcohol  or  ether, 
inflames  them;  the  spark  will  ignite  ordinary  illuminating  gas.  as  is 
seen  in  many  forms  of  domestic  gas-lighting  apparatus ;  when  the  spark 
is  passed  continuously  through  a  wire,  although  relatively  a  conductor, 
the  wire  still  becomes  heated.  Magnetic  effects  are  also  observed.  A 
sted  bar  or  needle  may  be  magnetized  if  placed  inside  a  tube  around 
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which  is  coiled  a  wire,  through  which  the  spark  discharge  is  made  to 
pass.  We  will  see  later,  under  Voltaic  Electricity,  that  powerful  electro- 
magnets are  made  in  an  analogous  manner. 

Lastly,  the  chemical  effects  of  the  spark  discharge  are  the  effecting 
of  chemical  decompositions  and  recombinations  of  the  elements.  Thus, 
if  the  spark  is  passed  for  a  time  through  dry  ammonia  gas,  it  is  decom- 
posed into  hydrogen  and  nitrogen.  On  the  other  hand,  the  spark  dis- 
charge will  cause  the  union  of  hydrogen  and  chlorine  or  hydrogen  and 
oxygen  when  admixed  as  gases.  Among  chemical  effects  must  also  be 
noticed  the  ozonizing  of  the  oxygen  of  the  air  through  which  the  discharge 
takes  place.  This  is  readily  recognized  by  the  odor  which  is  always 
noticed  in  the  neighborhood  of  the  plate  electrical  machine. 

(B)  Dynamic  Electricity. 
The  electricity  hitherto  spoken  of  is  known  either  as  static  electricity, 
because  it  remains,  when  collected,  upon  the  object  charged,  or  electric- 
ity of  high  tension,  because  it  accumulates  upon  neighboring  conductors 
until  a  high  tension  or  difference  of  potential  is  reached,  when  it  is  dis- 
charged by  the  passage  of  the  spark.  Differing  from  this  in  its  form  and 
manifestations,  although  not  in  identity,  is  dytiamic  (from  iuwa/Lit,  power), 
or  electricity  of  chemical  action,  so  termed  because  of  its  various  muii- 
festations  of  power.  Synon>'mously  we  also  employ  the  terms  galvemtc, 
voltaic,  current,  and  chemical  electricity.  Under  this  general  heading 
tnagneto-  and  (/lerMio-currents  will  be  considered. 

v,r.  s,.  Galvani.an  Italian,  was  the  first  (1780)    , 

to  discover  this  new  method  of  generat-  . 
ing  electricity,  and  Volta  the  first  to  1 
construct  a  battery,  known  as  Volta's 
Pile,  which  consisted  of  a  series  of  alter- 
nate zinc  and  copper  plates  placed  one 
above  the  other  and  separated  by  felt 
moistened  with  brine. 

I.  Simple  Voltaic  Cell  or  Couple. — 
After  a  century  of  constant  experiment, 
scientists  still  employ  the  same  metals 
and  arrangement  in  series  as  Volta,  only 
superseding  the  moist  felt  with  an  add 
fluid.  If  a  plate  of  zinc,  z  (see  Fig.  64), 
and  one  of  copper,  c,  are  dipped  in  dilute 
sulphuric  acid,  bubbles  of  hydrc^engas 
will  collect  on  the  surface  of  the  sine, 
which  after  a  time  gradually  disappear.  If  wc  now  connect  the  two 
plates  by  means  of  a  wire,  the  chemical  action  becomes  more  violent  and 
a  greater  amount  of  hydrogen  is  liberated;  but  this  time  it  is  disengaged 
at  the  surface  of  the  copper  instead  of  the  zinc.  The  latter  serves  as  fud 
for  generating,  while  the  former  collects  the  current.  The  production  of 
a  current  in  this  case  is  entirely  due  to  the  chemical  action  which  e 


Simplu  volialc  cell. 
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when  two  dissimilar  metals  are  moistened  with  the  same  fluid,  one  metal 
being  more  susceptible  to  the  action  of  the  fluid  than  the  other.  If  the  two 
wires  attached  to  the  plates  be  separated,  electrical  action  ceases;  if  they 
are  brought  near  enough  together  in  the  dark,  a  small  spark  is  seen  to  pass 
between  them.  The  joining  of  the  two  wires — that  is,  the  establishment 
of  communication  between  the  metals  of  a  battery — ^is  called  closing  the 
circuit ;  the  separation  of  these,  breaking  or  opening  it.  The  metal  which  is 
the  more  energetically  acted  on  by  the  liquid  (in  this  case  the  zinc)  is 
called  the  generating  (or  soluble)  plate,  while  the  other  (the  copper)  is  the 
conducting  plate.  The  current  passes  through  the  liquid  from  the  zinc  to 
the  copper,  and  above  through  the  wires  from  the  copper  to  the  zinc,  thus 
forming  a  complete  circuit.  The  ends  of  the  wires,  c  c,  leading  from  the 
plates  are  called  the  poles  or  electrodes;  the  one  connected  with  the  zinc,  or 
generating  element,  is  called  the  cathode  or  negative  ( — )  pole,  while  that  of 
the  copper,  or  conducting  element,  is  the  anode  or  positive  (+)  pole, 

2.  Electro-motive  Series. — As  already  stated,  a  current  results  when 
two  different  metals  are  placed  in  a  fluid  which  acts  on  one  more  strongly 
than  the  other.  The  generating  plate  is  of  higher  potential*  while  the  col- 
lecting plate  is  of  lower  potential.  This  difference  of  potential  produces 
dectra-mative  force*  which  varies  between  different  metals.  Various  metals 
have  been  arranged  in  a  series  which  expresses  their  relations  to  one  another 
in  this  respect.    Such  a  table  is  called  the  electro-motive  force  series. 

■^    1.  Zinc.  5.  Iron.  9.  Copper. 

2.  Cadmium.  6.  Nickel.  10.  Silver. 

3.  Tin.  7.  Bismuth.  11.  Platinum. 

4.  Lead.  8.  Antimony.  12.  Graphite  (gas  carbon) .  «■ 

These  elements  are  arranged  with  the  electro-positive  at  one  end  and  the 
electro-negative  at  the  other.  If  any  two  of  these  be  placed  in  dilute 
acid,  the  current  will  pass  from  the  lower  to  the  higher  (number).  Thus, 
iron  is  electro-negative  to  zinc  and  positive  to  copper,  while  silver  is 
negative  to  zinc  and  positive  to  platinum.  The  E.M.F.  is  greater  in 
proportion  as  the  metals  are  distant  from  each  other  in  the  series;  for 
this  reason  batteries  of  zinc  and  platinum  (or  carbon)  give  the  greatest 
electro-motive  force. 

3.  Local  Action  and  Polarization. — Zinc  when  placed  in  water 
decomposes  it,  forming  zinc  oxide,  and  hydrogen  is  set  free.  This  action 
is  of  very  short  duration,  owing  to  the  coating  of  the  metal  with  an  in- 


♦  Patential,  in  the  physical  sense,  is  that  condition  of  matter  by  virtue  of  which 
it  is  capable  of  exerting  phjrsical  force.  Thus,  a  body  of  water  may,  by  the  ex- 
penditure of  a  definite  amount  of  energy,  be  forced  to  some  height  into  a  reservoir. 
Thi«  mass  of  water,  by  virtue  of  its  position,  retains  the  same  energy  which  has 
been  expended  upon  it.  It  has  acquired  the  power  to  do  work;  it  possesses 
potential  energy.  As  this  water  in  returning  to  its  former  state  of  equilibrium 
flows  from  a  higher  to  a  lower  level,  so  electricity  flows  from  bodies  of  a  higher 
to  those  of  a  lower  potential.  We  measure  the  heat  potential  of  a  body  by  the 
effect  it  cran  produce  on  temj^erature,  the  electrical  potential  of  a  body  by  the 
electrical  force  or  pressure  it  is  capable  of  exerting.  This  force  or  power  which 
tends  to  move  electricit>r  from  one  place  to  another,  due  to  a  difference  of  potentials, 
is  called  the  electro-motwe  farce  (E.M.F.).  The  unit  of  E.M.F.  is  the  volt,  which 
represents  the  power  of  a  current  to  overcome  resistance. 
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soluble  film  of  oxide.  The  employment  of  dilute  sulphuric  acid  obviates 
this  by  dissolving  the  oxide  as  rapidly  as  it  is  formed,  leaving  the  surface 
free.  Chemically  pure  zinc  does  not  react  with  dilute  sulphuric  acid  until 
the  circuit  of  the  battery  is  closed.  Commercial  zinc,  which  is  very  im- 
pure, reacts  constantly  with  the  acid,  whether  the  circuit  is  open  or 
closed ;  hence  a  great  waste  takes  place  without  contributing  anything 
to  the  quantity  of  electricity  generated.  The  presence  of  these  impuri- 
ties, which  usually  consist  of  iron,  lead,  cadmium,  etc.,  induces  the  genera- 
tion of  local  currents  independent  of  the  copper,  because  these  metals 
are  electro-negative  to  the  zinc.  This  waste  of  local  action  may  be  pre- 
vented by  amcUgamalion .  which  consists  in  nibbing  the  surface  of  the  zinc 
plates  (which  have  been  clciincd  with  soap  and  dilute  acid)  with  mercury. 
Polarization  is  a  troublesome  feature  of  the  simple  voltaic  cell.  It  is 
due  to  the  accumulation  of  a  film  of  bubbles  of  liberated  hydrogen  over 
the  surface  of  the  copper  plate.  As  this  increases,  the  current  weakens 
and  finally  ceases.  The  chief  cause  of  this  weakening  of  the  current  is 
the  setting  up  of  an  opposing  clcctro-motive  action,  for  the  hydrogen 
gas  is  electro- positive  to  the  copper,  and  tends  to  start  a  current  in  the 
opposite  direction  lo  the  regular  one.  To  avoid  this  polarization  it  is 
necessary  to  suppress  the  accumulation  of  hydrogen.  This  is  usually 
accomplished  by  chemical  means,  which  consists  in  introducing  into  the 
cell  some  substance  that  jmssesses  a  strong  chemical  affinity  for  the 
hydrogen,  thereby  removing  it  without  interfering  with  the  working  of 
the  cell.  The  various  means  whereby  this  is  accomplished  will  be  ex- 
plained under  the  individual  cells,  which,  in  view  of  this,  are 
divided  into  two  general  classes, — namely.dii^-and  Iwo-Bvad. 
4.  Voltaic  Batteries. 

One-Fluid  Cells. — Though  simpler  than  the  two-fluid 
cells,  these  are  subject  to  polarization  to  a  greater  or  less 
degree.  However,  if  allowed  to  rest  at  frequent  intervals, 
they  rapidly  regain  their  original  strength.  These  one- 
fluid  batteries  are  especially  adapted  for  "open-circuit" 
I  service,  such  as  electric  bells,  signal  circuits,  etc,  where  the 
current  is  only  required  momentarily. 

Tlie  Biihroiita  e  Cell. — A  convenient  form  is  known  as 
the  Grenct  Dip  Battery  (Fig.  65).  This  consists  of  two  car- 
"*"'  ""'"  ton  plates,  c  c,  with  a  zinc,  z.  This  latter  is  attached  to  a 
sliding  rod,  so  that  it  can  be  raised  out  of  the  fluid  when  not  in  use. 
The  exciting  fluid  consists  of  potassium  bichromate  (9  parts),  sulphuric 
acid  (25  parts),  and  water  (66  parts).  Polarization  is  prevented  through 
the  reducing  action  of  the  liberated  hydrogen  on  the  chromic  oxide.* 

•The  chemiciil  nctiun  in  Iht-  (.■xciliii;;   soliit 
+  Ki^SO*  f  HsO  I  feHsSO*.     When  in  action  it 

(a)  3Zn  +  3{HBS04)    -  aZnSO, -I  3Ha. 

(b)  ac:ri)s  +  3H8  -  CrsOa  +  3H.O. 

(c)  Cr^h  '  3(Hs.SO,).-  Cr,(SO.)«-t-3HrfJ. 
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The  E.M.F.  of  this  coll  is  about  2  volts.  It  loses  in  intensity  when 
ised  for  long  periods,  but  regains  it  when  allowed  to  remain  out  of 
.ction  for  a  time. 

The  Leclanch£  Cell  (Fig.  66). — ^This  consists  of  an  inner  porous  earthen 
up  which  contains  a  carbon  plate  packed  in  fragments  of  coke  and 
oanganese  dioxide.  The  top  is  covered  with  a  layer  of  pitch.  The 
tositive  plate  is  a  rod  of  zinc,  which  dips  in  an  exciting  fluid  consisting 
>f  a  saturated  solution  (6  ounces  to  a  quart  jar)  of  sal  ammoniac  con- 
ained  in  the  outer  glass  jar.  Through  the  action  of  the  salt  on  the  zinc 
.  double  chloride  of  zinc  and  ammonium  is  formed,  while  ammonia  and 
lydrogen  gases  are  liberated  at  the  carbon  pole.  The  hydrogen  combines 
nth   the    oxygen    evolved   by   chemical   action  fig.«6 

rom  the  depolarizer  (manganese  dioxide),  and 
snns  water.  If  electric  action  is  continued  for 
oo  long  a  time,  excessive  quantities  of  hydrogen 
oUect  and  polarization  ensues,  for  the  oxygen  is 
;ot  developed  with  sufficient  rapidity ;  hence 
hort  periods  of  rest  are  necessary.  The  great 
opularity  of  this  cell  may  be  judged  from  the 
anety  of  forms  in  which  it  appears  on  the  market, 
t  does  not  require  renewing  for  months,  or  even 
ears.  The  E.M.F.  of  this  cell  is  about  i. 
■olts.  Other  kinds  of  one-fluid  cells  are  the 
Imee,  WoUaston,  and  mercuric  sulphate  batteries. 

Two-Fluid  Cells. — ^These  are  known  as  "  closed  i-ecLaucne  ceii. 

ireuit"  or  "constant"  batteries,  because  of  the  constancy  of  their  ac- 
ion  when  in  continuous  use,  such  as  is  required  in  telegraphy,  electro- 
ilating,  etc.  In  these  batteries  the  conducting  element  {copper,  plati- 
lum,  or  carbon)  is  immersed  in  a  fluid  which  is  capable  of  suppressing 
he  hydrogen,  while  the  soluble  element  (zinc)  is  surrounded  by  a  fluid 
apable  of  combining  with  it. 

The  Datiiell  Cell  (Fig.  67). — This  is  one  of  the  oldest  and  best  two- 
luid  cells  in  use.  The  outer  glass  vessel  contains  a  solution  of  copper- 
sulphate  kept  saturated  by  adding  some  crystals  of 
the  salt.  In  this  is  placed  a  perforated  cylinder  of 
copper.  Inside  of  this  cylinder  is  set  the  porous  earth- 
enware cup  containing  dilute  sulphuric  acid  and  a 
small  cylinder  or  rod  of  amalgamated  zinc.  The  chemi- 
cal reaction,  when  in  use,  is  as  follows.  Hydrogen  is 
liberated  by  the  oxidation  of  the  zinc,  and  passes 
through  the  porous  cup  to  the  copper  sulphate  solu 
tion,  which  it  decomposes  into  metallic  copper  and 
sulphuric  acid.  The  former  is  deposited  on  the  cop- 
per element,  while  the  latter  passes  to  the  zinc  to 
eplace  that  already  consumed  in  forming  zinc  sulphate.  This  reaction 
rith  the  current  will  continue  as  long  as  the  outer  vessel  is  provided  with 
opper  sulphate.    The  hydrogen  is  thus  entirely  suppressed  and  depolari- 
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eation  is  complete.    The  E.M.F.  of  this  cell  is  i.i  volts.    The  Meidingcr 
and  Crowfoot  cells  arc  modifications  of  this. 

The  Bunsen  Cell  (Fig.  68). — This  consists  of  an  amalgamated  zinc 
cylinder  immersed  in  dilute  sulphuric  acid  contained  in  a  jar.  Within 
this  is  a  porous  cup  containing  a  rod  of  hard  gas  carbon  immersed  in 
strong  nitric  acid.  The  "Grove"  cell  differs  from  this  only  in  the  re- 
placement of  the  carbon  by  a  strip  of  platinum.  The  hydrogen  liberated 
by  the  zinc  passes  through  the  cell  and  unites  with  a  portion  of  the 
nitric  acid,  forming  water  and  decomposing  the  acid.  The  production  of 
FiG.«s.  fumes   (N^O,)  is  the  chief  objection  to  this  excellent 

and  powerful  cell.    The  E.M.F.  is  1.93  volts. 

,.  Electrical  Units — When  electricity  is  passing, 
^  even  though  it  be  through  what  we  call  a  conductor,  it 
meets  with  resistance.*  For  purpose  of  comparison  it  is 
desirable  to  have  a  uniform  method  of  measuring  this. 
The  unit  of  resistance  is  called  the  Ohm,  and  is  the  re- 
sistance of  a  column  of  pure  mercury,  having  a  section 
of  one  square  millimeter  and  a  length  of  106.3  centi- 
^^  meters,  at  a  temperature  of  0°  C.  For  convenience,  coils 
of  wire  with  a  known  resistance  in  ohms  are  used. 
These  are  known  as  resistance  coils,  and  are  prepared 
in  sets,  so  that  any  resistance  within  quite  wide  limits  can  be  measured 
with  their  aid.  It  is  by  such  means  that  the  location  of  a  break  in  the 
ocean  telegraph  cable  can  be  ascertained  so  that  the  cable  may  be  grap- 
pled for  and  repaired. 

The  unit  of  current  strength  is  called  the  Ampere.  It  is  the  rate  of  flow 
of  a  current  which  under  the  clcctro-motive  force  (pressure)  of  one 
volt  flows  through  a  circuit  which  offers  a  resistance  of  one  ohm.  An 
ampere  of  current  will  deposit  0.327  milligram  of  copper  a  second,  or 
I.I 77  grams  per  hour.  The  current  is  also  often  measured  by  the 
amount  of  hydrogen  and  oxygen  liberated  within  a  given  time  by  the 
electrolysis  of  water. 

The  pressure,  or  difference  of  potential,  which  causes  the  electricity 
generated  in  a  battery  or  cell  to  overcome  the  resistance  of  the  circuit 
and  so  effect  its  passage,  is  called  its  electro-motive  force.'  The  unit  of 
electro-motive  force  is  called  the  Volt.  It  is  the  pressure  required  to 
maintain  a  current  of  one  ampere  through  a  resistance  of  an  ohm ;  prac- 
tically, it  is  represented  by  the  E.M.F.  of  the  Daniell  cell. 
The  instruments  employed  for  measuring  the  amperage  and  voltage 

*  Various  metals  differ  materially  as  conductors;  thus,  silver  is  the  best,  and 
is  followed  in  order  by  copper,  aluminum,  zinc,  brass,  iron,  etc.  The  better  the 
conductor  the  less  the  resistance.  Again  a  ditTcrenoe  in  dimensions  of  a  given 
conductor  offers  differences  in  resistance;  for  example,  taking  two  round  copper 
wires  of  the  same  diameter  one  100  feet  in  length  will  offer  twice  as  much  resistance 
as  will  one  of  50  feet.  If  we  have  two  round  copper  wires  each  50  feet  lone,  and 
one  has  twice  the  diameter  of  the  other,  the  smaller  one  will  have  twice  toe  re- 
sistance. So  the  greater  the  length  the  greater  will  be  the  resistance,  and  ib» 
greater  the  diameter  the  less  the  r 
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of  currents  are  called  ammeters  (ampere-meters)  and  voltameters,  and  are 
explained  on  page  107.  The  relation  of  these  three  units  is  expressed  in 
Ohm's  law.  The  Current  (in  amperes)  is  equal  to  the  Electro-motive 
Force  (in  volts)  divided  by  the  Resistance  (in  ohms).  Any  two  terms 
being  known,  the  third  can  be  calctdated;  for,  if 

C  =  -,  then  E  =  C  X  R  and  R  =  -.* 
R  C 

6.  Battery  Formation. — A  nimiber  of  voltaic  cells  may  be  coupled 
together  for  the  purpose  of  increasing  the  quantity  and  intensity  of  the 
current.  Such  an  arrangement  is  called  a  voltaic  battery.  The  coupling 
may  be  effected  in  several  ways.  Two  methods,  however,  demand  atten- 
tion,— ^namely,  the  series  and  parallel  couplings.  When  joined  "  in  series,'* 
each  zinc  is  joined  to  the  copper  or  carbon  of  the  next  cell,  and  so  on  to 
the  end  of  the  line,  the  one  terminal  being  a  zinc  and  the  other  a  carbon 


or  copper  plate :  thus,      j     I     I      | 


h 


If  the  external  circuit  resistance  (R)  is  great,  the  intensity  is  proportional  to 

n£ 
number   (n)   of  cells;    C  = 


R 

If  the  external  resistance  is  small,  series  coupling  presents  no  advantage  over 

£ 
one  cell,  for  C=~  ^r  =  internal  cell  resistance). 

r 

When  joined  "parallel,"  all  the  zincs  are  coupled  together  and  all  the 
coppers  or  carbons  together.         ■HK    Mf-.    1-lh  This  arrange- 

ment does  not  give  any  greater  E.M.F.  (voltage)  than  one  cell,  for  the 
conditions  are  as  though  we  had  but  one  huge  cell  with  very  large  zinc 
and  copper  (carbon)  plates. 

E 
If  the  external  resistance  is  great,  the  intensity  is  the  same  as  one  cell,  for  C =— . 

R 

If  the  internal  resistance  is  small,  to  that  of  the  cells  (r),  the  current  is  proportional 

nE 
to  their   number,    for   C  =  — ; — . 

n  -{-  r 


^  Examples : 

I.  What  will  be  the  resistance  of  a  conductor  through  which  a  current  of  5 
amperes  is  passing  under  a  pressure  of  30  volts? 

R  =  — =  6  ohms. 
5 

a.  How  many  amperes  will  flow  through  a  conductor  having  a  resistance  of 
10  ohsDS  under  a  pressure  of  no  volts? 

C  = =11  amperes. 

3.  HofW  many  volts  of  pressure  will  be  necessary  to  force  10  amperes  through 
a  fwittaiice  of  a  ohms? 

E  =  ID  X  2  =  20  volts. 
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//  the  external  resislari£e  is  great,  the  elements  are  arranged  in  series.  If 
small,  then  parallel,  to  get  as  great  intensity  as  possible. 

7.  Accumulators,  Secondary  or  Storage  Batteries  (Fig.  69).—  ■ 
In  these  the  electrical  energy  furnished  is  due  to  an  expenditure  of  chemi- 
cal energy  within  the  cell.  Chemical  energy,  and  not  electricity,  is  stored. 
The  form  of  accumulator  more  commonly  in  use  is  made  by  filling  the 
openings  of  two  leaden  grids  with  a  paste  of  red  lead  (PbjO,)  and  dilute 
sulphuric  acid.  When  this  has  hardened,  the  plates  are  placed  in  a  vat 
of  acidulated  water  and  a  dynamo  current  is  passed  through,  the  directicRi 
of  which  is  changed  from  time  to  time,  until 
the  red  lead  on  the  anode  plate  has  been 
converted  into  a  semi-porous  film  of  brown 
peroxide  (PbO,),  and  that  on  the  cathode 
plate  has  assumed  a  state  of  spongy  metallic 
lead  (Pb) .  We  now  have  two  different  elements 
(PbOj  and  Pb),  which  maybe  coupled  with 
others,  if  desirable,  and  placed  in  a  container 
with  dilute  sulphuric  acid  as  excitant.  A  ' 
layer  of  felt  may  be  placed  between  the  grids. 
j  The  chemical  reaction  that  takes  place  dur- 
ing the  discharge  is  the  transferrence  of  one 
atom  of  oxygen  from  one  plate  (PbO^  to  the 
other  (Pb).  whereby  lead  oxide  (PbO)  is  pro- 
duced ;  and  as  soon  as  both  plates  are  alike  (PbO)  the  current  ceases.  The 
sulphuric  acid  present  converts  the  lead  oxide  of  both  plates  into  lead 
sulphate.  The  plates  are  recharged  by  immersing  in  acidulated  water 
and  passing  the  current  through  in  alternate  directions,  whereby  the  lead 
sulphate  is  reconverted  into  lead  peroxide  and  spongy  lead  with  liberation 
of  sulphuric  acid.  The  E.M.F.  of  these  single  cells  of  two  plates  is  about 
2  volts.  The  capacity  of  an  accumulator  is  measured  in  terms  of  ampere- 
hours.  A  cell  of  the  capacity  of  100  ampere-hours  will  furnish  a  current 
of  I  ampere  for  100  hours  or  2  amperes  for  50  hours  or  4  for  15  hours. 

The  cheap  Dry  Ceil,  which  has  become  popular  for  running  electric 
bells  and  circuits,  is  based  on  that  of  Obach.  which  consists  of  an  outer 
cylinder  of  zinc,  which  serves  as  a  case.  This  is  lined  inside  with  a  layer 
of  plaster  of  Paris,  saturated  with  sal  ammoniac,  kept  separate  from  the 
inside  contents  by  a  layer  of  paper.  The  core,  or  central  portion,  con- 
tains a  carbon  cathode  embedded  in  a  mixture  of  manganese  dioxide 
(MnOj)  and  ground  retort  carbon. 

8.  Effects  of  Current  Electricity. — The  main  distinctions  be- 
tween the  frictional  current  or  discharge  and  the  current  developed  by 
voltaic  action  are  in  tension  or  difference  of  potential  and  in  amount  of 
the  current.  Frictional  electricity  is  of  high  tension  but  small  in  total 
amount,  while  the  voltaic  current  is  of  low  tension  but  greater  in  amount 
as  measured  in  amperes.  Hence  the  effects  will  differ  somewhat.  The 
mechanical  effects  of  voltaic  electricity  are  very  slight  as  compared  with 
those  of  frictional  electricity.      The  physiological  effects  are  also,  as  a 
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rule,  very  much  milder  than  those  of  the  spark  discharge.  The  wires 
from  a  voltaic  battery  of  a  dozen  cells  may  be  held  in  the  hands  without 
appreciable  shock,  but  a  tingling  sensation  is  felt  from  very  strong  cur- 
rents, and  prolonged  contact  with  the  wires  has  an  exciting  effect  upon 
the  nerves.  The  heating  effects  are  dependent,  of  course,  upon  the  resist- 
ance which  the  circuit  offers  to  the  passage  of  the  current  and  to  the 
amcnmt  of  cturent  passing.  With  good  conductors  like  copper,  of  suffi- 
cient section,  the  heating  effect  is  slight;  with  wires  of  insufficient  section, 
or  with  poor  conductors,  like  platinum,  iron,  or  German  silver,  the  resist- 
ance becomes  relatively  great  and  the  wire  becomes  strongly  heated. 
It  is  thus  possible,  with  relatively  moderate  currents,  to  fuse  a  thin 
platintmi  wire  which  may  be  interposed  in  the  circuit.  The  luminous 
effects  of  voltaic  electricity  are  obtained  under  two  distinct  conditions: 
First,  when  two  wires  from  the  electrodes  of  a  battery  are  brought 
together,  thus  closing  the  circuit,  a  spark  is  seen  at  the  point  of  contact, 
often  of  great  brilliancy.  This  is  also  seen  on  breaking  the  circuit. 
Secondly,  the  resistance  offered  to  the  passage  of  the  current  through  a 
poor  conductor  often  heats  the  latter  to  such  a  degree  that  it  becomes 
huninous.  Both  of  these  methods  of  obtaining  luminous  effects,  we  will 
see  later,  are  practically  applied  in  electric  lighting. 

The  chemical  effects  of  the  battery  current  are  notably  more  important 
than  are  those  of  frictional  electricity,  because  the  greater  amount  of 
dectricity  and  the  duration  of  the  current  in  the  first  case  make  possible 
effects  not  to  be  attained  in  the  other  case.  Thus,  the  current  passed 
through  acidified  water,  as  shown  in  Fig.  70,  will  decompose  it  into  its 
constituents,  hydrogen  and  oxygen  gases,  by  a  process  termed  electrolysis. 
Similar  results  are  obtained  with  solutions  of  many  chemical  salts. 
This  will  be  more  fully  treated  of  later  under  the  electro-deposition  of  the 
metals,  or  electro-metallurgy  (see  page  703) . 


Electro-Magnetics. 


9*  The  Electro-Magnet. — Soft  iron  bars  become  magnetic  when 
brought  near  to  wires  carrying  a  galvanic  current,  the  magnetism  lasting 
as  long  as  the  current  continues,  while  steel  becomes  permanently  mag- 
netic. If  an  insulated  wire  be  coiled  around  the  bar,  the  magnetic  effect 
will  be  increased  in  proportion  to  the  number  of  coils.  To  make  a  power- 
ful horseshoe  magnet,  therefore,  it  is  only  necessary  to  take  a  bent  or 
two  short  bars  of  soft  iron  joined  at  one  end  by  a  cross-piece  of  similar 
metal,  siuround  these  bars  by  coils  or  bobbins  of  insulated  wire,  and  pass  a 
current  through  the  coils.  While  the  current  passes  we  have,  as  shown 
in  Pig.  71,  a  powerful  magnet,  but,  as  soft  iron  has  little  or  no  coercive 
force,  the  moment  the  current  ceases  the  magnetism  of  the  iron  cores  dis- 
appears. The  coils  should  be  wound  or  connected  so  that  the  current 
passes  arotind  one  coil  in  one  direction  and  around  the  other  in  the 
opposite  direction,  in  order  that  one  shall  form  a  north  pole  and  the 
otter  a  south  pole.  Electro-magnets  are  used  in  almost  all  forms  of 
practical  electrical  apparatus. 
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The  Galvanometer.— In  1819  Oersted  made  the  discovery  that  a  m^- 
netic  needle  tends  to  set  itself  at  right  angles  to  a  wire  which  carries  an 
electric  current,  and  that  this  deflection  is  governed  by  the  direction  of 
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the  current.  For  example,  if  an  insulated  copper  wire  attached  to  both 
poles  of  a  battery  is  held  above  and  parallel  to  a  magnetic  needle,  and 
the  current  flows  along  from  north  to  south,  it  will  cause  the  north  end 
of  the  needle  to  turn  eastward  (Fig.  72);  if  the  current  flows  from  the 


south  to  the  north  in  the  wire,  the  north  end  of  the  needle  will  be  deflected 
westward.  If  the  wire  is  held  below  the  needle,  the  movements  of  the 
needle  will  be  reversed, — that  is,  the  current  flowing  from  north  to  south 
will  cause  the  north  pole  of  the  magnet  to  turn  westward.* 

•  In  order  to  retain  these  movements  we  cite  the  rule  of  Ampere, — namely, 
the  observer  itnagiiies  a  imall  kuman  figure  swimming  with  the  curmU,  iufact  bttrng 
constantly  towards  the  needle  and  its  arms  extended.  The  left  hand  tuiU  itidieall 
the  direction  of  the  north  pole's  deflection. 
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Aead  of  using  a  straight  wire  it  is  bent  in  the  fonn  of  a  loop  so 
e  current  will  pass  above  and  below  the  needle  (Fig,  73),  the 
Qg  force  of  the  current  will  be  doubled,  for  the  current  flows 
ind  below  in  opposite  directions;  hence  both  de- 
le  needle  in  the  same  direction.  Such  an  ar- 
ent  is  called  a  galvanoscope,  and  serves  in  a  rough 
indicate  the  presence  and  direction  of  weak 
s.  To  render  this  instrument  more  sensitive 
apt  it  for  quantitative  use,  the  number  of 
if  insulated  wire  around  the  needle  must  be 
xl,  the  effect  upon  the  needle  being  multiplied 
y  times  as  there  are  turns  or  coils,  also  the  direc- 
ce  of  the  earth's  magnetism,  which  tends  to  keep 
die  pointed  north  and  south,  must  be  decreased  by  some  compen- 
arrangement.  This  usually  consists  in  suspending  by  means  of 
le  silk  thread  or  hair,  a  magnetic  needle  above,  with  its  poles  re- 
to  the  one  in  the  coil  below;  such  a  contrivance  is  known  as  an 
combination  (Fig.  74),  and  the  instrument  as  a  galvanometer.* 
meters  and  Ammeters. — For  measuring  the  pressure  and  intensity 
■nts,  instruments  are  used  based  upon  the  principle  that  a  piece 
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iron  suspended  inside  of  a  coil  of  insulated  wire  through  which 
Tent  passes  strives  to  place  itself  in  the  strongest  part  of  the 
ic  field,  and  according  to  the  strength  of  the  current  the  degree  of 
on  varies. 

amperemeter  {ammeter)  consists  of  a  wooden  spool  around 
are   wound   a   few   turns   of   thick    (low    resistance)    insulated 

jvanometer  for  measuring  very  minute  currents  must  have  many  wind- 
loe  wire,  for  the  current  must  circulate  hundreds  or  thousands  of  times 
he  needle  in  order  to  multiply  its  effects  so  as  to  turn  the  needle;  this 
>  be  the  case  if  the  current  has  passed  through  a  lung  circuit  or  one  of 
stance,  aa,  for  example,  the  telegraph.  Large  currents  need  a.  coil  of 
V  of  but  f«w  turns. 
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wire.  Inside  this  spool  is  suspended  a  light  soft  iron  core  attached  to  & 
wire  indicator.  The  stronger  the  current  flowing  through  the  coil,  the 
deeper  will  the  iron  core  be  drawn  down,  carrying  the  indicator  along  the 
scale  accordingly. 

The  voltameter  is  similarly  constructed  excepting  that  the  spool  is 
covered  with  many  windings  of  thin  insulated  wire  of  high  resistance;  very 
little  current  will  flow  through  it ;  however,  what  current  does  fiow  will 
be  exactly  proportional  to  the  potential  difference  between  the  two  poles 
of  the  circuit;  hence  will  indicate  pressure  or  voltage  of  the  current. 
Other  instruments  depend  on  the  magnetizing  influence  of  the  current  on 
strips  of  iron,  whereby  one,  attached  to  an  indicator,  is  attracted  or 
repelled  by  the  other. 

Applications  of  Electro-Magnetisu. 

lo.  Electric  Bells. — These  are  based  on  the  principle  of  the  electro- 
magnet, which,  by  attracting  and  releasing  an  armature,  to  which  is 
attached  a  hammer,  causes  a  backward  and  forward  movement,  striking 
a  bell.    The  working  of  these  is  shown  in  Pig.  76,  in  which  the  electro- 
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magnet,  e,  is  controlled  by  a  Leclanch^  or  dry  cell.  The  instant  that  the 
circuit  is  closed  by  pressing  the  button,  p  (Fig.  76),  the  current  flows 
through  the  coits  and  causes  the  electro- magnet  to  attract  the  armature 
with  hammer,  h.  This  forward  movement  of  the  armature  breaks  the 
circuit,  for  the  current  passes  through  it  and  the  spring  contact-breaker 
resting  against  the  tip  of  the  screw,  c,  from  whence  it  passes  back  to  the 
zinc  pole  of  the  battery.  The  circuit  having  been  broken,  the  electro- 
magnet ceases  to  attract,  but  the  momentum  already  inparted  carries 
the  hammer  forward.  Immediately  afterwards,  however,  the  spring 
forces  it  back  to  its  original  position.  These  movements  are  repeated  tQ 
rapid  succession  as  long  as  the  circuit  is  kept  closed. 

II.  Electric    Clocks.  —  By    means   of   a    standard    central    clodc 
which  is  in  electric  connection  with  a  circuit  containing  any  number  vi 
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dials,  the  circuit  is  made  and  broken  periodically  by  the  oscillations  of 
its  pendulum.  These  transmitted  currents  attract  an  armature  behind 
each  dial  on  the  circuit,  which  controls  the  movement  of  a  ratchet  wheel, 
permitting  it  to  move  forward  through  one  tooth  at  the  specified  inter- 
val, so  that  the  hands  of  all  the  clocks  move  simultaneously  with  those 
of  the  standard   clock. 

It.  Telegraphy. — The  telegraph  cannot  be  assigned  to  any  particu- 
lar inventor,  for  it  has  passed  through  successive  stages  to  its  present  state 
of  perfection.  Lesage  (Geneva,  1774)  was  the  first  to  construct  a  tele- 
graph, in  which  34  wires  were  employed,  each  wire  being  connected  with 
a  pith-ball  electroscope  representing  a  letter  of  the  alphabet.  Joemmer- 
ing  (Munich,  1808)  employed  35  eudiometer  tubes,  each  separately  con- 
nected, and  the  electrolytic  decomposition  of  the  water  contained  in 
each  served  as  a  signal.  Weber  and  Gauss  (Goettingen,  1833)  employed 
the  right  and  left  deflections  of  a  galvanometer  needle  to  indicate  a  code 
of  signals.  Steinheil  (Munich,  1 837)  discovered  that  the  current  could  be 
carried  by  a  single  wire,  the  earth  being  used  in  place  of  a  return  wire. 
Henry  (New  York,  1831)  utilized  the  attraction  of  an  electro-magnet  on 
an  armature  to  produce  sound  signals,  and  Morse  (1835)  devised  a  code  of 
alphabetic  signals,  consisting  of  dots  and  dashes,  which  were  made  on 
moving  strips  of  paper.    The  telegraphic  apparatus  consists  of 

I.  The  Battery  and  the  Wire  Circuit. — The  kind  of  battery  employed 
varies  in  different  countries,  but  is  usually  some  modification  of  the 
Daniel!  cell.  A  galvanized  iron  wire  connects  the  different  stations,  while 
the  return  current  is  provided  for  by  ground  plates  sunk  in  the  earth, 
which  acts  as  a  common  reservoir,  giving  and  receiving  electric  energy 
rather  than  conducting  it. 

1.  The  Communicator,  or  Key. — This  consists  of  a  horizontal  lever,  by 
means  of  which  the  sender  controls  the  current  and  can  establish  or  break 
contact  by  pressure  of  the  finger,  pro- 
ducing at  the  receiving  station  the 
clicks  or  signals, 

3.  The  Sounder  (Fig.  77)  is  the  re- 
ceiving instrument,  which  is  an  electro- 
magnet. This,  when  the  current  passes 
through  the  coils,  attracts  an  armature 
for  a  longer  or  shorter  period  of  time. 
This  instrument  can  be  arranged  as  a 
"sounder,"  in  which  the  movements 
of  the  armature  cause  a  clicking  sound 
by  striking   against   a   stop;   or   as   a 

"register,"  in  which  case  the  armature,  by  means  of  an  attached  pin. 
prints  dots  and  dashes  upon  a  strip  of  paper  drawn  through  the  instru- 
ment by  means  of  clock-work.  The  Morse  system,  which  is  universally 
employed,  uses  as  alphabet  a  series  of  dots  and  dashes,  indicated  by 
kmger  ot  shorter  clicks,  as  heard  from  the  sounder  or  imprinted  on 
paper. 


no 
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4.  The  Relay. — On  lines  of  not  over  thirty  miles  in  length  the  sotinders 
can  be  operated  by  the  current  generated  by  the  batteries  of  the  terminal 
stations,  but  on  longer  lines  the  resistance  weakens  the  current  to  such 
an  extent  that  a  relay,  or  repeater,  which  consists  of  an  additional 
electro-magnet  with  a  local  battery,  must  be  inserted. 

Fig.  78  illustrates  the  simplest  possible  case  of  an  open  single-current 
method  of  telegraphing.  On  depressing  the  key  k,  the  current  flows 
from  the  battery,  b,  through  the  line  and  enters  the  receiving  instrument, 
causing  the  electro-magnet,  e',  to  attract  the  sounder,  s',  returning 
through  the  ground  plate,  g',  to  g  and  the  battery  whence  it  started. 
If  key  k'  is  depressed,  the  reverse  action  takes  place. 

Duplex,  Diplex,  and  Quadruplex  Telegraphy,  —  Two  messages  sent 
through  the  same  wire  simultaneously  from  opposite  terminals  consti- 
tute ** duplex"   telegraphy;  when  both   are   transmitted  through  the 

Fig.  78. 
Lin. ► 
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Principle  of  telegraph. 

same  wire  in  the  same  direction,  "diplex;"  while  '* quadruplex"  tele- 
graphy combines  both  the  duplex  and  the  diplex  systems.* 

Cable  or  Submarine  Telegraphy, — The  transmitting  cable  is  made  of 
seven  or  more  No.  16  copper  wires,  protected,  first,  by  a  layer  of  gutta- 
percha, then  by  a  woven  coating  of  jute.  Outside  of  this  is  a  layer  of  at 
least  ten  steel  wires,  which  are  still  further  protected  by  wrapping  in 
hemp.  Strong  currents  cannot  be  employed,  for  the  cable  and  its  non- 
conducting sheath,  when  immersed  in  water,  produce  excessive  electro- 
static charges,  like  those  of  the  Ley  den  jar,  which  impede  electric  trans- 
missions. For  each  signal  a  current  is  sent  into  the  cable,  followed  by  a 
reactive  opposing  current,  which  again  discharges  it.  Since  the  currents 
transmitted  are  very  weak,  it  is  necessary  that  an  exceedingly  sensitive 
receiving  apparatus  be  employed.  This  is  a  galvanometer,  called  Lord 
Kelvin's  Siphon  Recorder,  which  consists  of  a  coil  of  wire  suspended 
between  the  poles  of  a  powerful  magnet.  To  this  coil  is  attached  a  fine 
glass  siphon,  one  extremity  of  which  dips  into  a  vessel  of  ink,  and  as  the 
coil  oscillates  backward  and  forward  like  the  needle  of  an  ordinary 


*  For  explanation  of  these  systems,  see  Electricity  and  Magnetism,  by  S.  P. 
Thompson,  published  by  the  Macmillan  Company. 
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galvanometer  the  ink  flows  from  the  siphon,  producing  on  a  moving  strip 
of  paper  a  wavy  line,  having  short  and  long  waves  for  dots  and  dashes. 
The  duplex  system  is  used  on  all  cables.  The  rate  of  speed  for  messages 
varies  according  to  the  length  of  the  cable ;  the  cable  between  New- 
foimdland  and  Ireland  admits  loo  letters  (about  25  words)  per  minute, 
the  speed  decreasing  inversely  with  the  square  of  the  distance. 

Wireless  Telegraphy  is  based  on  the  transmission  of  electnc  waves 
through  space.  Messages  are  readily  transmitted  to  a  distance  of  over 
1500  miles.  The  transmitting  instrument  is  a  vertical  pole  carrying  a 
wire  from  50  to  100  feet  high ;  with  it  is  connected  one  of  the  knobs  of  an 
induction  coil,  while  the  other  knob  commtinicates  with  the  grotind  or 
water.  Every  spark  which  passes  between  the  knobs  at  the  bottom  of 
the  pole  answers  as  a  signal  dot,  while  a  short  succession  of  sparks  indi- 
cates a  dash.  These  sparks  produce  electric  pulsations  in  the  vertical 
wire,  which  are  communicated  as  waves  in  every  direction  through  space. 
The  receiver  is  a  live  aerial  wire  connected  to  the  earth  through  a  simple 
apparatus  called  a  **  coherer,**  the  wire  terminals  of  this  are  also  joined  to 
a  circuit  connected  to  a  relay  or  telephone.  This  coherer  is  a  glass  tube 
of  about  4  nun.  internal  diameter  and  exhausted  of  air;  sealed  into  both 
ends  are  two  platinum  wires  attached  to  silver  plugs;  the  opposed 
faces  of  these  are  very  smooth  and  placed  within  i  mm.  of  each  other. 
The  interspace  is  filled  with  nickel  (95  p.)  and  silver  (5  p.)  filings.  The 
instant  the  transmitted  electric  waves  fall  on  the  vertical  wire  connected 
with  this  coherer  its  resistance  is  reduced,  and  a  current  flows  through 
the  circuit  and  operates  the  electro-magnet  of  the  receiver,  producing 
dots  and  dashes  of  the  Morse  code.  More  sensitive  is  the  microphone 
receiver  (coherer),  which  consists  of  an  iron  and  carbon  rod  separated 
by  a  globule  of  mercury  enclosed  in  a  glass  tube  and  connected  with  a 
telephone. 

Voltaic  Induction. 

13.  Induction  Currents. — Faraday  (1831)  made  the  discovery  that 
instantaneous  currents  of  electricity  are  produced  in  closed  circuits  by 
the  movement  of  a  magnet  in  proximity  to  them ;  also  by  a  similar  move- 
ment of  a  conductor  traversed  by  an  electric  current;  a  current  whose 
strength  is  changing  will  produce  the  same  effect.  Such  currents  are 
known  as  faradic  or  induced  currents,  and  on  this  principle  are  based  the 
induction  coil,  dynamo  machines,  alternate  current  transformers,  etc. 

(a)  Induction  of  Currents  by  Currents. — To  illustrate  this  two  coils  of 
insulated  wire,  wound  on  spools,  are  selected.  One  of  these,  known  as 
the  primary  or  inducing  current  coil,  is  made  sufficiently  small  to  fit 
inside  of  the  other,  and  its  terminals  are  connected  with  a  battery.  The 
terminals  of  the  larger  coil,  which  is  called  the  secondary  or  induced 
current  coil,  are  connected  with  a  galvanometer.  If  the  primary  (smaller) 
coil  is  introduced  inside  of  the  secondary  (larger) ,  the  galvanometer  will 
show  that  a  reverse  current  of  momentary  duration  has  been  induced 
in  the  latter,  moving  in  the  opposite  direction  to  that  circulating  in  the 
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primary.  The  instant  the  primary  current  ceases  to  flow  or  the  coil  b 
withdrawn,  a  direct  current  is  induced  in  the  secondary  coil,  moving  ia 
the  same  direction  as  that  of  the  primary.  '. 

(6)  Induction  of  Currents  by  Magnets. — If  in  the  above  experiment 
the  primary  coil  is  substituted  by  a  magnet,  it  will  be  found  that  on  insert- 
ing a  bar  magnet  inside  of  the  secondary  coil  the  needle  of  the  galvano- 
meter wifl  be  deflected,  showing  thereby  that  an  electric  current  has  been 
induced.  This  current  is  of  momentary  duration  only,  and  when  the 
magnet  is  withdrawn  the  needle  will  be  deflected  in  the  opposite  direc- 
tion, showing  the  induction  of  a  reverse  current.  If  the  poles  of  the 
magnet  be  reversed  the  direction  of  each  current  will  be  reversed.  This 
subject  will  be  further  explained  under  magneto-electric  currents,  on 
page  1 16. 

The  Induction  or  Rtthmkorff   Coil    is  a  practical  application  of  the 

preceding  principles.    By  means  of  this  we  are  able,  with  a  few  voltaic 

cells,  to  produce  an  exceedingly  high  E.M.P.  or  potential  difference,  which 

p,(;  ^  in   a  large  coil   is  equivalent  to  many 

/~  *\  thousand  volts.     For  example,  a  battery 

^y         \m  of  600,000  Daniell  cells  would  be  required 

^^^^^^■^W  to  produce  a  spark  of  6  inches,  while  by 

^^^^^^^^^^^  aid  of  an  induction  coil  the  same  may 

^miJ^^^^^^^^^BjQ  be  accomplished  with  perhaps  10  cdls. 

ia^^ll^^^^^^Hnfib        An  induction  coil  (Pigs.  79,  80)  consists 

^^^^^^^|^B|^^^H^  of  a  central  core  made  of  a  bundle  of 

I^^^^^^^^^^^^^^^Hj^  soft  iron  wires*  around  which  are  wound 

^^^^^^^^^^^^   a  few  turns  of  heavy  insulated  copper 

Induction  coll.  .^^^j^^  ^p^.    pjg    g^j  ^^f  j^^  resistance,  in 

order  that  it  may  carry  strong  magnetizing  currents.  The  one  ter- 
minal of  this  coil  connects  with  a  switch  and  this  with  the  n^ative 
pole  of  a  battery ;  the  other  is  attached  to  the  spring  of  the  vibrator  or 
contact  breaker,  a,  resting  against  the  set-screw,  B,  which  communicates 
with  the  positive  pole  of  the  battery.  This  is  called  the  primary  circuit. 
On  closing  the  circuit  (by  means  of  the  switch)  the  electro-magnet 
core  of  the  primary  coil  attracts  the  vibrator,  a,  which,  the  instant  it 
leaves  the  set-screw,  b,  breaks  the  circuit.  The  core  loses  thereby  its 
magnetism,  and  the  vibrator  is  forced  back  to  its  original  position  by  its 
spring,  which  again  closes  the  circuit  as  before.  The  make  and  break 
thus  produced  take  place  with  great  rapidity,  giving  rise  to  a  series  of 
primary  intermittent  currents.  By  means  of  the  set-screw,  B,  the  ampli> 
tude  of  the  vibrations  may  be  regulated.  Around  the  primary  coil,  and 
insulated  from  it  by  means  of  a  hard-rubber  casing,  is  the  secondary 
circuit,  sc. ,  which  consists  of  many  turns  of  the  thinnest  wire.      For 

*  A  bundle  of  soft  iron  wires  is  employed  as  electro-magnet  in  preference  to 
one  of  solid  iron,  because  of  the  rapidity  with  whifh  the  wires  can  be  magnetiied 
and  demagnetised:  the  latter  always  retains  (after  cessation  of  the  current)  ■ 
small  amount  of  residual  magnetism  which  would  interfere  with  the  rapid  n  '  ' 
and  breaking  of  the  current. 
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Fig.  8o. 


Outlined  induction  coil. 


ople,  a  giant  coil  which  gives  a  spark  of  about  i  meter  contains  480 

neters  (300  miles)  of  wire  in  its  secondary  circuit,  with  a  resistance  of 
100,000  ohms.    The  terminals  of  this  coil  end  in  the  knobs,  /j  and 

cross  the  points  of   which,  when  adjusted  to  the  proper  distance, 

iant,    snappy    sparks    will    pass. 

ry    **make"    of    the  intermittent 

ent  in  the  primary  circuit  results 

le  induction  of  a  momentary  inverse 

ent  in  the  outer  secondary  circuit, 

at  every  "break**  a  powerful  mo- 

tary   direct  current;  thus  alternat- 

intermittent   secondary  currents  of 

potential  follow  in  rapid  succes- 

Connected  with  the  primary  cir- 

is  a  condenser,  c,  made  of  alter- 

layers    of   tin-foil   and   paraffine 

»r,  into   which    the  extra   current 

s  when  the  circuit  is  broken,  there- 
increasing    the     E.M.F.    at    the 

jak."    Small  induction  coils  are  employed  in  treating  nervous   dis- 

5;  also  for  electric  gas-lighting,  exploding  mines,  and  bringing  about 

lical  union  between  gases. 

le  passage  of  a  spark*  between  the  terminals  /j  and  t^  is  accompanied 

.  loud  snapping  noise,  which  is  due  to  the  resistance  offered  by.  the 

air ;  if,  however,  this  discharge  is  made  to 
take  place  between  two  platinum  electrodes 
sealed  in  the  extremities  of  glass  tubes 
which  have  be  rarefied  to  the  extent  of  tojtu 
part  of  an  atmosphere,  a  beautiful  luminous 
phenomenon  is  produced,  the  color  and  appear- 
ance varying  with  the  degree  of  exhaustion, 
diameter  of  the  tube,  and  nature  of  the  rarefied 
gas  remaining.  Such  tubes  are  known  as  Geiss- 
ler  tubes,  and,  besides  being  rarefied,  they  are 
often  made  of  fluorescent  (uranium)  glass  or  the 
outer  walls  filled  with  fluorescent  liquids.  If  the 
exhaustion  of  such  tube  be  carried  to  a  very  high 
degree,  so  that  only  about  TTTTTFinrTr  part  of  the  air 
originally  contained  remains,  we  will  find,  on 
connecting  with  the  terminals  of  a  5-  to  6-inch 
coil,  that  no  electric  discharge  as  heretofore  seen 
takes  place;  but  a  purplish  ray  is  seen  about  the 

ode,  while  the  interior  of  the  tube  remains  dark  and  the  glass  walls 

me  greenish  fluorescent.     It  was  found  that  the  discharge  from  only 
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es  tube,  showing:  reflec 
lion  of  **  x-rays." 


Tiis  differs  only  in  degree  from  that  furnished  by  the  frictional  machine  or 
en  jar. 
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one  of  the  electrodes — namely ,  the  cathode  (  —  pole) ,  irrespective  of  the 
position  of  the  anode  (-f-  pole) — was  capable  of  producing  this  fluores- 
cence of  the  glass  walls  of  the  tube,  and  that  when  directed  on  powdered 
alumina,  rubies,  and  diamonds  it  caused  them  to  become  phosphorescent. 
Tubes  specially  constructed  for  this  purpose  are  known  as  Crockes  tubes 
(Fig.  8i).  In  the  Geissler  tube  the  discharge  passes  between  the  anode 
and  the  cathode,  while  in  the  Crookes  tube  the  cathode  rays  are  pro- 
jected in  straight  lines  from  its  surface,  their  presence  being  noted  by 
the  fluorescence  of  the  walls  of  the  tube  opposite  the  n^ative  termiiial. 
To  Professor  Roentgen  is  due  the  credit  of  the  discovery  that  this 
cathodic  discharge  (called  by  him  "X-rays")  is  capable  of  penetrating 
opaque  bodies  and  exciting  certain  fluorescent  substances.  Of  these  the 
two  best  adapted  are  pi ati no-cyanide  of  barium  and  calcium  tungstate. 
If  a  piece  of  pasteboard  is  covered  with  a  layer  of  either  of  these  chemi- 
cals* and  is  held  so  that  the  "  X-rays"  are  directed  upon  the  screen,  its 
surface  will  become  uniformly  illuminated.  If  now  any  opaque  or  semi- 
opaque  object  is  placed  between  it  and  the  Crookes  tube,  the  rays  will 
either  be  uniformly  intercepted  or  some  more  intercepted  than  others; 
hence  shadows  will  result.    For  example,  the  bones  of  the  hand  intercept 
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the  rays  more  than  the  fleshy  parts;  hence  cast  shadows  whereby  they 
may  be  distinguished.  The  cathode  is  usually  cup-shaped,  in  order  to 
focus  the  rays  upon  a  flat,  disk-shaped  anode,  which  acts  as  a  reflector. 
While  glass  is  relatively  opaque,  wood,  paper,  and  most  organic 
tissues  are  transparent,  and  allow  the  passage  of  these  rays.  They  act 
upon  the  photographic  plate,  and  admit  photographs  being  taken  through 
wood  and  most  organic  tissues.  The  metals,  with  the  exception  of  alu- 
minum and  tin,  are  more  or  less  opaque  to  them. 


It  has  been  shown  that  the  cathode  rays  consist  of  streams  of  negative  eloctri* 
fied  material  particles,  called  corfmscies,  whose  mass  is  only  one-thousand^  tkc 
mass  of  the  hydrogen  atom,  and  velocity  from  one-  to  four-tenths  that  of  ligU. 
These  corpuscles  are  the  constituents  of  all  atoms  and  molecules  (see  page  laa). 

The  Telephone  is  a  much  more  practical  application  of  the  principles 
of  induction.     By  its  means  speech  may  be  transmitted  through  lof^ 

*  Such  a  screen  was  named  by  Edison  the  Fluoroecopo. 
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distances  by  the  intervention  of  a  magnet  and  induced  currents  in  a  coil 
of  wire  surrounding  the  magnet.  The  essential  parts  of  the  Bell  telephone 
can  be  seen  in  Fig.  8a,  Enclosed  in  the  case,  p,  is  a  magnet,  m,  having 
at  one  end  a  coil  of  very  fine  wire,  and  a  diaphragm  of  very  thin  sheet- 
iron,  G  G,  which  is  placed  close  in  front  of  the  magnet.  The  coil  of 
wire  connects  by  the  two  wires  c  c  with  binding  screws,  d  d,  at  the 
other  end  of  the  instrument.  When  a  person  speaks  into  the  mouth- 
piece, B,  the  diaphragm  of  thin  metal  vibrates  immediately  before  the 
magnet  and  causes  changes  in  the  lines  of  magnetic  force  and  so  electric 
currents  in  the  coil  which  surrounds  it.  These  currents  passing  over  the 
line  affect  the  strength  of  the  magnet  in  a  corresponding  instrument  at 
the  other  end,  and  in  turn  cause  the  diaphragm  in  front  of  it  to  vibrate. 


producing  sound  waves  which  will  perfectly  correspond  with  those 
generated  by  the  person  speaking.  The  Bell  telephone  may  therefore 
serve  either  as  a  "receiver"  or  a  "transmitter." 

In  modem  telephones  the  Blake  (microphone)  transmitter  (Fig.  83} 
is  employed.  In  this  the  voice-vibrations  directed  into  the  mouth-piece 
fall  upon  the  thin  iron  diaphragm,  d,  which  is  held  in  place  by  a  soft- 
rubber  ring.  The  vibrations  of  this  are  transmitted  by  the  insulated 
spring-needle,  f,  to  a  carbon  plug,  k,  attached  to  a  spring,  and  the  cur- 
rent passes  to  the  contact  point  by  one  spring  and  passes  off  through  the 
other. 

In  its  aimpler  form,  the  microphone  (Fig.  84)  consists  of  a  small  pencil  of 
carbon  (rf)  held  gently  in  contact  with  two  other  pieces  of  carbon,  b  and  b'.  which 
are  connected  by  means  of  a  battery  to  a  telephone  receiver.  Words  or  noises 
:  the  instrument  produce  an  alteration  in  the  contact  of  the  carbons,  and 
"y  variations  in  the  galvanic  resistance,  which  cause  sounds  to  be  heard 


consequently  v 
in  the  tetephon 


CHAPTER    VIII. 
MAGNBTO-ELECTRIC  AND  DYNAMO-ELECTRIC  GENERATORS. 

Bv  means  of  machines  we  are  able  to  convert  mechanical  energy  into 
electrical  energy.  This  involves  an  expenditure  of  force  in  producing 
relative  motion  between  magnets  and  conductors,  which  consists,  in 
most  instances,  in  rotating  coils  of  wire  in  the  field  of  a  magnet  or  electro- 
magnet, or  in  other  cases  the  latter  are  made  to  revolve. 

Simple  Magfielv-Electric  Machine. — The  discovery  of  Faraday,  that  if 
a  coil  of  wire  is  moved  across  the  field  of  a  magnet,  electric  currents  are 
induced  (see  page  1 1 1 ) ,  first  suggested  the  construction  of  the  magneto- 
electric  machine,  whereby  electric  currents  could  be  generated  by  mechan- 
ical power.    Such  a  machine  is  shown  in  Fig.  85.    In  front  of  a  powerful 


horseshoe  magnet,  and  as  near  as  possible,  rotates  an  armature  consisting 
of  two  soft  iron  cores,  r,  r'.  each  of  which  has  been  wound  with  a  coil 
of  insulated  copper  wire;  the  ends  of  the  wires  connect  with  the  axis, 
and  from  this,  by  means  of  two  spring.s,  the  currents  are  taken  up  and 
carried  to  the  handles.  When  the  amiaturc  revolves,  the  soft  iron 
ctres,  ;ts  ihcv  pass  in  front  of  the  north  and  south  poles  of  the  magnet, 
become  magnetic  bv  induction:  this  induces  in  each  of  the  coils  transient 
currents  which  arc  altcmatelv  inverse  and  direct.  Since  the  poles  change 
twice  in  every  revolution,  the  direction  of  the  current  will  necessarily 
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chancre  twice.  In  order  that  the  currents  may  all  flow  in  the  same  direc- 
tion, as  in  the  galvanic  battery,  a  commuhitor  is  fixed  on  the  axis;  this 
consists  of  two  semi-cyhndrical  segments  of  copper,  each  insulated  from 
the  axis  and  eonnected  with  the  ends  of  tht;  separate  toils.  When  rotat- 
ing, these  two  plates  are  out  of  contact  with  the  springs  during  the  break, 
and  are  brought  into  reversed  contact  at  the  instant  of  current  reversal, 
which  occurs  at  each  half  revolution.  Their  position  with  reference  to  the 
springs  is  reversed  as  the  currents  are  reversed;  hence  the  latter  flow  in 
the  same  direction.  Thus,  by  means  of  a  commutator,  direct  currents  can 
be  made  up  from  alternating  ones,  with,  however,  a  perceptible  inter- 
mission at  each  make  and  break ;  this  lessens  with  the  rapidity  of  rotation. 
The  Dynamo-EUctric  Machine. — ^This  machine  (Fig.  86)  differs  from 
the  preceding  in  that  the  permanffH.  magnet  is  replaced  by  an  electro- 
magnet, which  is  excited  by  the  current  generated.    In  proportion  as  the 


Dynamo^lecnic  machint; 

strength  of  the  current  circulating  around  the  electro-magnet  increases 
the  magnetic  forces  muitiply,  which  in  turn  induce  still  stronger  currents 
in  the  coils  which  rotate  within  the  field  of  influence.  The  number  of 
magnetic  poles  is  frequently  increased  from  two  to  four  and  even  eight; 
such  are  known  as  multipolar  dynamos.  Between  the  poles,  or  field  mag- 
nets, of  the  dynamo  rotates  an  armature  of  soft  iron,  made  either  in  the 
form  of  a  ring,  over  which  the  insulated  coils  of  wire  are  wound,  known 
as  the  Grammes  ring,  or  the  armature  and  its  coil  arc  drum  shaped, 
and  called  the  Siemens  armature.  The  ends  of  the  armature  coils  all  ter- 
minate in  a  number  of  copper  strips  attached  to  the  axis,  but  insulated 
from  one  another,  and  from  these  the  current  is  taken  up  bv  two  sets 
of  brushes,  which  comist  of  a  number  of  copper  bars  set  t Inst-  to  the  com- 
mutators.   If  the  transient  currents  generated  by  the  rotating  armature 


ii8  ELEMENTARY   PHYSICS. 

pass  into  the  external  circuit  without  commutation,  a  continuous  alter- 
nating current  is  produced,  and  machines  having  such  a  construction  are 
called  alternating-current  dynamos.  The  advantages  of  this  kind  of  a 
dynamo,  with  its  currents,  are  several:  for  example,  the  resistance  and 
wasteful  sparking  of  the  split  ring  commutator  are  avoided;  it  gives 
currents  of  higher  potential  and  less  internal  resistance  than  the  direct- 
current  dynamo;  also,  it  is  possible  to  carry  such  currents  to  distances 
with  comparatively  small  wires  and  at  less  cost.  A  nwtor  is  a  machine 
which  is  utilized  in  converting  electrical  energy  into  mechanical;  the 
dynamo,  as  shown  in  Fig.  86,  can  be  used  as  a  motor  if  supplied  with  a 
proper  current. 

Transformers  or  Converters  are  necessary  in  the  distribution  of  alter- 
nating currents.    Their  function  is  to  transform  currents  of  high  pres- 
sure and  low  quantity  into  induced  currents  of  low  pressure  and  larger 
quantity.    For  instance,  a  high-pressure  current  of  from  looo  to  50,000 
Fig  87  volts  flowing  through  the  mains  must  be  cut  down  to 

A  .  50  or  100  volts  for  incandescent  lighting  in  the  various 

I  I  branches.   These  transformers  (Fig.  87)  are  simply 

\  J  inverted  induction  coils,  in  which  the  primary  coil 

em/BK^^C,  ^^^^^^^^  ^^  many  turns  of  fine  wire,  which  receives  a 
^^ViH9\  small  current  of  high  pressure  from  the  mains.    Insu- 

J  J  lated  from  this  is  the  secondary  coil  of  a  few  turns  of 

•®  ®         coarse  wire  pf  low  resistance,  which  gives  out  a  large 

current  of  low  pressure.  If  the  primary  coil  has  2000 
turns  and  the  secondary  100  turns  (ratio  of  20  to  i),  in  order  to  take 
out  of  the  latter  a  current  of  100  amperes  and  50  volts,  we  must  put 
into  the  primary  coil  (from  the  main)  at  least  5  amperes  at  1000  volts 
pressure.  By  selecting  the  proper  nimiber  of  turns,  the  E.M.F.  can  be 
transformed  up  or  down. 

A  simple  device  for  adapting  the  alternating  current  for  use  with  an  induction 
coil  is  the  electric  interrupter.  It  consists  of  a  beaker  glass  containing  dilute 
sulphuric  acid,  into  which  are  immersed  strips  of  platinum  to  serve  as  anode,  while 
the  cathode  consists  of  a  short  piece  of  platinum  wire  fixed  into  the  end  of  a  glass 
tube  bent  at  an  angle  at  the  lower  end.  The  tube  is  then  filled  partly  with  mer- 
cury to  enable  the  wire  from  the  circuit  to  make  electrical  contact  with  the  plati- 
num point.  Bubbles  of  hydrogen  gas  are  continuously  discharged  from  this 
platinum  point,  and  an  intermittent  current  is  thus  sent  mto  the  coil. 

Change  of  Electrical  Energy  into  Heat.  —  We  have  already 
referred  to  the  heating  effect  of  the  voltaic  current.  The  heat  generated 
by  the  powerful  currents  of  the  dynamo  machine,  when  passing  through 
poor  conductors  or  encountering  electrical  resistance  in  any  way,  is 
correspondingly  greater.  Two  effects  of  this  heating  may  be  noticed: 
electrical  furnaces  for  carrying  out  metallurgical  operations  which  require 
an  intense  heat,  as  in  the  Cowles  furnace  for  the  production  of  aluminum 
by  the  reduction  of  its  oxide  by  charcoal ;  and  electric  welding,  in  which 
case  two  pieces  of  metal  arc  welded  together  by  bringing  them  in  contact 
and  passing  a  powerful  electric  current  through  the  juncture.    Iron,  sted, 

ass,  and  copper  may  be  readily  welded  in  this  way 
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Change  of  Electrical  Energy  into  Light. — ^The  heating  effect  of 
powerful  currents  may  be  utilized  for  lighting  purposes  in  one  of  two 
ways.  If  the  two  electrodes  of  the  current  from  a  powerful  battery  or 
dynamo  be  brought  to  within  a  short  distance  of  each  other,  a  brilliant 
arc  light  is  formed,  spanning  the  interval  between  the  two  terminals. 
The  ends  of  the  wires  are  raised  to  a  white  heat,  and  most  metals  melt 
or  volatilize  in  consequence.  If,  however,  the  teiminals  are  pencils  of 
hard  carbon,  which  is  infusible,  we  have  the  brilliant  white  light  known 
as  the  arc  light.  The  carbon,  of  course,  bums  away  gradually,  and  pro- 
vision must  be  made  for  keeping  the  distance  between  the  two  pencils 
constant,  which  is  done  automatically  by  a  suitable  electro-magnetic 
mechanism  attached  to  the  lamp. 

The  cinrent  is  also  utilized  for  lighting  effects  in  a  still  simpler  way. 
This  is  to  interpose  at  some  point  in  the  circuit  a  conductor  of  such 
resisting  power  that  the  passage  of  the  current  renders  it  white-hot. 
This  is  effected  in  the  incandescent  lamp,  and  the  substance  utilized  here  is 
likewise  carbon.  An  extremely  fine  filament  of  carbon  is  enclosed  in  an 
exhausted  glass  globe.  This  hlament  or  horseshoe  of  carbonized  bamboo 
is  connected  at  either  end  by  fine  platinum  wires,  which  arc  fused  into  the 
glass  and  pass  through,  connecting  with  the  brass  fitting  of  the  socket 
into  which  the  lamp  is  screwed. 

Arc  lamps  require  a  very  high  electro-motive  force,  usually  from  1000 
to  3000  volts.  Incandescent  lamps,  on  the  other  hand,  require  only 
from  so  to  1 30  volts.  The  former  voltage  is  likely  to  be  fatal  to  life  if 
by  accident  a  naked  wire  is  touched,  the  other  is  not. 

Thenno-Electric  Currenta. — If  two  dissimilar  metals  are  soldered 
together,  and  either  heated  or  cooled  at  their  point  of  contact,  an  electric 
current  is  produced;  such  currents  are  termed  p,^  ^ 

Ihemto-electric  currents.   The  two  bars  of  metal  -.  p^  * 

producing   the   current   constitute  the  thermal  ^-  ■    - 

eUment.  A  number  of  such  elements  or  metal 
bars  thus  joined  and  arranged  side  by  side  in 
couples,  with  each  pair  of  ends  soldered  together 
in  alternate  order,  form  a  thermopile,  one  form 
of  which  is  shown  in  Fig.  88.  For  various  rea- 
sons, very  few  metals  are  available  for  this  pur- 
pose. Those  combinations  usually  employed 
consist  of  either   bismuth    and    antimony,    or  Themiopiie. 

German  silver  with  an  alloy  of  antimony  and  zinc.  Thermo-currents  are 
of  extremely  low  potential  and  very  constant.  The  thennopile,  when 
connected  with  a  sensitive  galvanometer,  affords  accurate  means  for 
detecting  very  minute  differences  of  temperature,  but  has  no  other 
practical  application. 
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CHAPTER   I. 

THEORETICAL    INTRODUCTION. 

Matter  is  that  which  occupies  space  and  is  apprehended  by  the  aid 
of  our  senses.  Close  observation  teaches  us  that  matter  is  constantly 
subject  to  changes,  and  these  may  be  of  two  distinctive  characters, — 
namely,  physical  and  chefnical. 

Physical  Changes. — ^These  are  changes  of  state  or  condition  with- 
out alteration  of  the  identity  of  matter:  for  example,  when  water  is 
heated  it  is  converted  into  vapor  or  steam;  this,  on  cooling,  condenses 
to  water.  If  we  cool  water  sufficiently  it  crystallizes, — that  is,  it  is 
converted  into  ice.  Such  changes  affect  only  the  outward  or  physical 
appearances  of  the  water. 

Again,  on  bringing  a  piece  of  iron  in  contact  with  lodestone  it  ac- 
quires the  property  of  attracting  and  holding  to  itself  other  pieces  of 
iron, — that  is,  it  becomes  magnetic.  This  same  iron  may  be  heated 
until  it  gives  off  light  and  heat,  yet  these  changes  which  the  iron  has 
undergone  are  all  of  a  purely  physical  character:  it  has  not  lost  its 
identity  as  metallic  iron. 

Chemical  Changes. — In  changes  of  this  character  which  involve 
the  composition  of  the  molecule  the  substance  loses  its  individual 
properties,  and  something  else  is  formed  in  its  place  which  possesses 
entirely  new  properties.  The  substance  has  lost  its  identity.  For 
example,  if  we  allow  the  electric  current  to  act  upon  water  it  rapidly 
loses  its  identity  as  water  in  being  resolved  into  two  different  invisible 
gases, — namely,  hydrogen  and  oxygen.  These  products  no  longer 
possess  any  characteristics  in  common  with  water. 

Again,  on  exposing  iron  to  moist  air  it  soon  begins  to  rust,  and  if  this 
is  allowed  to  continue  sufficiently  long,  the  iron  completely  disappears. 
leaving  in  its  stead  a  deposit  of  reddish-brown  powder,  which  is  infus* 
ible  and  no  longer  attracted  by  the  magnet.  If  iron  be  brought  in  con- 
tact with  a  liquid  known  as  hydrochloric  (muriatic)  acid,  it  rapidly 
disappears,  ha\4ng  been  dissolved  by  this  acid,  with  the  production  of 
a  new  compound.  In  these  two  changes  just  cited  we  observe  that  the 
iron  has  lost  its  identity  as  such, — that  is,  it  no  longer  possesses  the 
characteristics  of  iron  as  a  metal :  it  has  undergone  chemical  changes. 

Indestructibility  of  Matter.  (Lavoisier's  Law.)  —  Matter  can- 
not be  destroyed  nor  created  anew:  whenever  apparently  destroyed 
1 20 
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it  continues  to  exist  in  another  form.  Transformations  are  constantly 
taking  place  in  nature,  but  do  not  involve  any  increase  or  decrease  in 
the  total  amount  of  matter.  This  law  of  the  conservation  of  matter 
is,  whenever  a  change  in  the  composition  of  a  substance  takes  place,  tlie 
amount  of  matter  after  the  change  is  the  same  as  before. 

For  example,  the  gaseous  products  (hydrogen  and  oxygen)  of  the  electrolysis  of 
a  known  weight  of  water  w^ul  weigh  exactly  the  same  as  the  water  taken. 

Mechanical  Mixtures  and  Chemical  Compounds. — If  we  mix 
iron  filings  and  sulphtu*.  a  gray-colored  powder  is  obtained.  This  rep- 
resents  a  mechanical  mixtar^r  -*^Q  Pr^.l^^d^  bf^r^ti.op.  the  two  ingredients 
cSi  be  separated_bxJDfio^*<^^<-fl^  tljeafts!  B^  the  use  of  a  magnet  the 
iron  filings  may  be  removed  from  the  sulphur,  or  the  latter  may  be 
taken  up  by  means  of  a  solvent,  leaving  the  filings  behind. 

If  this  mechanical  mixture  be  heated  by  direct  application  of  a  flame, 
the  entire  mass  will  soon  begin  to  glow,  and  after  cooling  a  black  fused 
mass  remains  which  no  longer  resembles  either  iron  or  sulphur.  Ex- 
amination with  a  lens  will  no  longer  reveal  any  particles  of  either  iron 
or  sulphur,  nor  will  the  magnet  or  treatment  with  a  solvent  remove 
either  one  of  the  ingredients.  These  have  lost  their  identity  with  the 
formation  of  a  chemical  compound  known  as  iron  sulphide.  Gunpowder 
is  a  mechanical  mixture  of  sulphur,  saltpetre,  and  charcoal.  By  means 
of  the  solvent  carbon  disulphide  the  sulphur  may  be  removed,  while 
subsequent  washing  with  water  eliminates  the  saltpetre,  leavi'ng  the 
charcoal  behind.  If  this  mixture  be  ignited,  a  flash  with  explosion 
results,  which  is  due  to  the  sudden  chemical  combination  which  takes 
place  among  the  ingredients  of  the  mixture. 

From  this  we  learn  that  when  substances  undergo  chemical  changes 
they  lose  their  individual  characteristics,  which  have  merged  into  the 
new  compounds  formed.  Accompanying  these  chemical  changes  there 
is  almost  invariably  an  evolution  of  heat,  sometimes  heat  with  light ; 
also  physical  changes  take  place,  such  as  liquid  to  solid  or  gaseous 
state,  or  vice  versa. 

In  the  combination  of  the  iron  with  the  sulphur,  or  the  explosion 
of  the  gunpowder,  we  effect  chemical  changes  which  result  in  the 
production  of  new  substances  of  essentially  different  properties.  Such 
changes  are  the  result  of  a  form  of  energy  called  chemical  affinity. 
Chemical  affinity  is  the  attraction  or  force  which  binds  atoms  together 
to  farm^  molecules  and  causes  interchanges  among  these,  resulting  in  the 
formation  of  new  substances  of  different  properties.  All  elements  and 
compounds  possess  this  affinity  in  a  greater  or  lesser  dej^ree,  manifest- 
ing it  differently  under  different  conditions,  some  combinin):^  with  ^reat 
energy,  as  in  the  explosion  of  gunpowder,  while  others  re(iuiro  the  aid  of 
physical  forces  to  bring  about  combination.  Still  others  do  not  unite  at 
all.  The  intensity  of  affinity  varies  in  the  same  element.  The  various 
conditions  necessary  for  bringing  about  chemical  union — a  result  of 
this  attractive  force — ^will  be  taken  up  on  page  140. 
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Kinds  of  Chemical  Changes. — The  various  chemical  changes  thus 
far  cited  are  more  properly  known  as  reactiofis.  These  may  be  divided 
into  two  classes, — namely,  synthetic  and  analytic. 

Syfitlieiic  reactions  are  those  in  which  various  elements  or  compounds 
unite,  with  the  production  of  new  substances  of  different  properties. 
As,  for  example,  the  combination  of  sulphur  and  iron  to  iron  sulphide, 
or  when  an  electric  spark  is  passed  through  a  mixture  of  hydrogen  and 
oxygen  gases  they  unite  to  form  water. 

Analytic  reactions  are  those  which  resolve  a  chemical  compound 
into  its  various  constituents :  the  reverse  of  synthetic  reactions.  For 
example,  by  the  action  of  the  electric  current  upon  water  it  is  resolved 
(decomposed)  into  the  invisible  gases  oxygen  and  hydrogen.  If  red 
precipitate  (a  compound  of  mercury  and  oxygen)  be  heated,  the  latter 
(a  gas)  is  liberated,  leaving  the  mercury  behind.  These  analytic  reactions 
may  all  be  verified  by  synthetic  reactions,  whereby  the  products  of  the 
former  are  again  caused  to  unite. 

Chemistry  is  the  science  which  treats  of  the  composition  of  matter, 
together  with  the  study  of  the  phenomena  under  which  alterations 
through  the  influence  of  chemical  force  take  place. 

Nature  of  Matter. — Chemists  consider  that  matter  (solid,  liquid, 
or  gaseous)  is  made  up  of  exceedingly  small  discrete  particles  called 
molecules  {molectda -- 2i  minute  mass),  which  possess  the  distinctive 
properties  of  the  masses  from  which  they  are  obtained.  A  molecuU  is 
the  smallest  particle  of  matter  into  which  substances  can  be  divided  withaiU 
losing  their  identity*  When  we  arrive  at  our  physical  limit  of  subdi- 
vision, we  still  find  that  each  molecule  is  capable  of  chemical  subdivi- 
sion,— that  is,  each  ultimate  particle  is  made  up  of  elementary  sub- 
stances called  atoms  («,  riiv^w  =z  indivisible),  these  being  the  indivisible 
constituents  of  molecules. 

An  atom  is  the  smallest  particle  of  simple  matter  which  can  enter 
into  tlie  composition  of  a  fnolecule.  Atoms  are  incapable  of  exist- 
ing in  the  free  state;  hence  when  liberated  by  chemical  action 
they  unite  at  once  to  form  molecules.  Most  elemental  molecules 
consist  of  two  atoms;  as  exceptions,  ozone  (a  form  of  oxygen) 
contains  three,  while  phosphorus  and  arsenic  each  contains  four.  In 
various  compounds  the  number  of  atoms  to  the  molecule  may  extend 
to  several  hundred. 

As  shown  through  the  investigations  of  radiant  matter,  atoms  are  made  up  of 
clusters  of  infinitely  minute  |>articles  called  ''corpuscles."  These  are  estimated 
to  be  a  thousand  times  sm<;ller  in  mass  than  the  hydrogen  atom;  they  possess  a 
high  velocity,  moving  at  a  rate  about  two-thirds  that  of  light,  and  are  negatively 
electrically  charged.  Professor  Thomson  assumes  one  atom  to  be  a  sphere  of 
positive  electrification  enclosing  a  numl>er  of  negatively  electrified  corpuscles, 
the  negative  electricity  of  the  corpuscles  exactly  balancing  the.  positive  electricity 
of  the  enclosing  sphere. 


*  It  has  been  estimated  by  Lord  Kelvin  that  if  a  drop  of  water  be  expanded 
(without  additions)  to  the  s*ze  of  the  earth,  its  molecules  would  be  somewhat 
*  '^er  than  small  shot. 
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ments. — By  applying  various  methods  of  analysis  to  the  dif- 
forms  of  matter  found  in  nature,  chemists  have  isolated  over 
y  elements. 

TABLE  OF  ELEMENTS. 
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♦  Also  called  Niobium,  Nb. 
t  Also  called  Beryllium,  Be. 
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An  ekment  is  a  substance  which  camwi  by  any  means  known  to  chemists 
be  resolved  into  anything  else  essentially  difjerent  from  itself.  Thus, 
chemists  have  been  unable  to  resolve  oxygen  gas  into  anything  simpler, 
nor  can  sulphur  be  made  to  yield  any  other  kind  of  elementarv' 
matter;  hence  these  are  termed  elements. 

Names  of  the  Elements. — The  names  of  the  elements  are  usually 
derived  from  some  distinguishing  feature  or  peculiarity.  Thus,  chlorine 
(from  x^tu/*(k  =  yellowish  green)  refers  to  the  characteristic  color  of  the 
gas ;  hydrogen  (compounded  from  udmp  =  water,  and  ^s»diu  =  I  pro- 
duce) derives  its  title  from  the  fact  that  it  is  a  necessary  constituent  in  the 
production  of  water ;  the  title  argon  ( from  app*^  =  without  energy)  refers 
to  its  chemical  inertness;  such  elements  a.s gallium,  germanium,  and  scan- 
dium have  derived  their  titles  from  the  old  Latin  names  referring  to 
the  nationality  of  the  discoverer. 

Symbols  of  the  Elements. — In  expressing  the  composition  of  dif- 
ferent chemical  substances  which  are  made  up  of  various  elements, 
it  is  necessary,  as  a  matter  of  convenience  and  simplicity,  that  an  abbre- 
viated form  of  chemical  language  be  employed.  This  has  been  provided 
for  through  a  system  of  symbols,  in  which  the  initial  letter  of  the  title 
of  the  element  is  generally  selected.*  In  some  cases  several  elements 
possess  the  same  initial  letter;  it  is  then  the  custom  to  assign  the  single 
letter  to  the  most  important,  abundant,  or  earliest-discovered  member 
of  the  group,  and  to  the  others  a  second  letter.  Thus,  ten  names  of 
elements  begin  with  C.  This  symbol  was  selected  for  Carbon,  as  the  most 
important;  then  Ca  for  Calcium,  Cd  for  Cadmium,  Ce  for  Cerium,  CI  for 
Chlorine,  Co  for  Cobalt,  and  so  on.  In  a  few  instances  the  symbols  are 
selected  from  the  old  Latin  titles  of  the  elements.  Thus,  Fe  is  taken 
from  Ferrum  (iron),  Pb  from  Plumbum  (lead),  K  from  Kalium  (potas- 
sium), Au  from  Aurum  (gold),  and  so  on. 

Atomic  Weight,  or  Mass. — The  above  symbols  possess  a  quanti- 
y.  tative  signification.  Each  one  represents  one  atom  of  the  element  in 
question,  this  being  the  smallest  quantity  of  an  element  which  is  present 
in  the  molecule  of  its  compounds.  Thus,  Na  does  not  represent  any 
indefinite  quantity  of  sodium,  nor  CI  any  amount  of  chlorine  These 
symbols,  like  those  of  all  the  other  elements,  invariably  refer  to  definite 
and  fixed  quantities,  as  in  the  above  instance  to  22.88  parts  of  sodium 
and  35.18  parts  of  chlorine,  so  that  NaCl,  representing  a  molecule  of 
sodium  chloride,  always  denotes  58.06  parts,  the  sum  of  one  atom  of 
sodium  and  one  atom  of  chlorine. 

The  absolute  weight  of  either  atoms  or  molecules  cannot  be  deter- 
mined directly ;  hence  they  are  estimated  relatively  by  comparison  with 
some  standard  clement.  The  earliest  standard  selected  was  hydrogen. 
This  was  chosen  because  it  is  the  lightest  known  element  and  has  the 
smallest  combining  value.  Starting  with  i.ooo  as  unit,  it  would  follow 
that  if  we  determined  the  weights  of  the  various  elements  which  united 


*  See  Table  of  Elements. 
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vith  one  unit  of  this  standard,  these  figures  would  represent  the  relative 
weights  of  their  atoms.  If  an  element  did  not  combine  directly  with 
lydrogen,  then  its  relative  weight  would  be  compared  with  another 
element  the  ratio  of  which  to  hydrogen  is  known.  Thus  we  find  that 
55.18  gm.  of  chlorine,  79.36  gm.  of  bromine,  and  18.9  gm.  of  fluorine 
x)nibine  with  i  gm.  of  hydrogen ;  hence  we  may  say  that  the  atoms 
Df  these  three  elements  are  35.18,  79.36,  and  18.9  times  heavier  than 
iiydrogen.  These  figures  represent  the  atomic  weights  of  their  respective 
elements.  Indirectly  we  find  the  atoms  of  sodium  are  22.88,  potassium 
58.86.  and  oxygen  15.88  times  heavier  than  those  of  hydrogen.  Since 
the  molecule  of  hydrogen  consists  of  two  atoms,  then  the  molecule  of 
:hlorine  would  weigh  (35.18  X  2)  70.36  times  and  the  molecule  of  sodium 
:hloride  (22.88  +  35.18)  58.06  times  heavier  than  the  atom  of  hydrogen. 
Therefore,  the  atomic  weight  of  an  element  is  the  relative  weight  of  its 
itoms  as  compared  with  those  of  hydrogen  {or  other  standard)  as  unity. 
The  molecular  weight  of  an  element  or  compound  represents  the  sum  of 
Ihe  weights  of  the  atoms  which  make  up  its  fnolecule. 

Oxygen,  with  the  arbitrary  standard  atomic  weight  of  16.000,  has  within 
recent  years  been  adopted  by  many  as  the  unit  in  place  of  hydrogen  as  i.ooo. 
The  chief  reasons  for  such  a  change  are,  (i)  that  wnilc  but  very  few  elements 
unite  directly  with  hydrogen  to  form  stable  compounds  which  can  be  analyzed. 
3xygen  combines  witn  nearly  all,  the  composition  of  which  can  be  readily  and 
auxmrately  determined.  Hence  we  are  unaer  the  necessity  of  first  determining 
the  relation  of  most  elements  to  oxygen,  and,  through  this,  to  hydrogen.  With 
every  change  in  the  ratio  of  oxygen  to  hydrogen  (15.88  to  i),  necessitated  by  new 
determinations,  all  the  atomic  weights  referred  to  hydrogen  (through  oxygen), 
must  also  be  changed.  But  if  the  number  16  be  retained  as  arbitrary  standard 
for  oxygen,  and  1.008  for  hydrogen,  no  such  recalculations  of  other  numbers  will 
be  necessary,  since  only  the  value  of  hydrogen  would  be  affected.  (2)  The  error 
in  the  determinations  is  less  with  the  larger  (0—  16)  than  with  the  smaller  standard 
(H-^i).  (3)  The  atomic  weight  figures  under  O— 16  usually  approximate  whole 
numbers,  which  are  more  convenient  in  calculating  than  the  fractional  numbers 
encountered  under  H=i.  In  conformity  with  the  IJ.  S.  Pharmacopoeia,  the  hydro- 
g[en  (1.000)  standard  has  been  adopted  in  this  work. 

Chemical  Formulae. — ^The  various  chemical  compounds  arc  pro- 
duced by  the  combination  of  two  or  more  elements,  and  arc  graphically 
represented  by  placing  the  symbols  of  the  constituent  elements  together. 
Such  an  aggregation  of  symbols  is  designated  as  a  chemical  formula. 
For  example,  HCl  represents  a  compound  made  up  of  one  atom  of  hy- 
drogen (i  part)  and  one  atom  of  chlorine  (35.18  parts);  the  formula 
H^O  represents  a  compound  whose  molecule  is  made  up  of  two  atoms  of 
hydrogen  (2  X  i  part  =  2  parts)  and  one  of  oxygen  (15.88  parts):  the 
small  figure  placed  to  the  right  below  the  symbol  of  the  element  hydro- 
gen indicates  the  number  of  atoms  of  that  element  which  enter  into  the 
compound.*  In  unabbreviated  style  the  above  formula  would  be  HHO; 
for  nitric  acid  it  would*  be  HNOOO.  while  it  is  written  HNOa.  The  ad- 
^'antage  of  such  abbreviations  is  at  once  apparent. 

The  formula  2H9SO4  or  2(HaS04)  represents  two  molecules  of  a  com- 
pound (sulphuric  acid)  made  up  of  two  atoms  of  hydrogen  (2  y   i  part 


♦  The  term  subscript  is  sometimes  employed  for  this  figure. 
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=  2  parts),  one  of  sulphur  (31.83  parts),  and  four  of  oxygen  (4  X 
15.88  parts  ==  63.52  parts).  The  large  numeral  (2)  placed  before  the 
formula  is  called  the  coefficient,  and  indicates  the  ntmiber  of  molecules 
in  the  substance  represented.  The  moleciilar  weight  of  this  would  be 
2  (2  +  31.83  +  63.52)  or  2  X  97-35  =  194.70  parts.  Sometimes  this 
number  will  apply  to  only  a  portion  of  the  symbols.  In  such  a  case 
the  latter  are  enclosed  in  parenthesis.  Thus,  Fea(S04)3  represents  a 
compound  of  two  atoms  of  iron  and  three  groups  of  SO4 ;  its  molecular 
weight  would  be  calculated  thus: 


Fe2  --     55.5  parts  X  2  =         iii.     parts, 

en.  _  f  S     ----^  31.83  parts, 

^^*  ~  IO4  =-  63.52     -       (15.88  X  4) 

(SOOa  :^-  95-35  parts  X  3         =         a86.os      " 

FeaCSOOa  =  397-05  parts. 

Chemical  Equations. — By  means  of  these  chemical  formulae  we  are 
able  to  express  the  various  chemical  changes  which  take  place  between 
two  or  more  molecules.  Such  changes  are  called  reactions.  The  several 
substances  taking  part  in  these  changes  are  called  reagents.  In  express- 
ing these  reactions  we  employ  chemical  formulae  in  which  the  substances 
entering  into  the  reaction  connected  by  plus  (-f )  signs  are  placed  to  the 
left  of  the  equality  sign  (:=),  and  the  products  of  the  reaction  connected 
by  plus  signs  to  the  right.  Such  combinations  of  formulae  and  algebraic 
signs  are  called  chemical  equations.  Thus,  in  accordance  with  the  above 
the  reaction  between  two  molecules,  AB  and  XZ,  would  be  expressed 
AB  +  XZ  r=  AZ  +  BX.  Should  a  minus  sign  be  necessary,  it  would 
be  ABC  —  B  =rr  AC.  The  plus  sign  replaces  "and,"  indicating  that  the 
bodies  are  brought  together  in  reaction;  the  equality  sign  means  "pro- 
duces," or  "yields." 

Since  each  symbol  entering  into  a  chemical  equation  represents  a 
definite  weight  of  matter,  and  the  products  of  the  reaction  represent  an 
interchange  among  these  symbols,  it  follows  that  after  the  change  the 
quantity  of  matter  must  remain  the  same  as  before.  The  stun  of  the 
molecular  weights  of  substances  on  the  right  of  the  equality  sign  must 
always  equal  the  sum  of  the  molecular  weights  of  those  on  the  left. 
Thus, 

AgNOa       f         NaCl         -=        AgCl         -f       NaNO«. 

Silver  Nitrate.        Sodium  Chloride.       Silver  Chloride.       Sodiam  Nitrate. 

168.69  58.06  142.3  84.45 

I I  I I 

226.75  226.75 

This,  like  all  equations,  conforms  to  the  rule  that  when  two  or  more 
chemical  compounds  are  brought  together  under  proper  conditions  an 
interchange  of  elements  takes  place,  with  the  formation  of  new  combina- 
tions. In  the  above  example  the  atom  of  chlorine  of  the  sodium  chloride, 
owing  to  its  greater  affinity,  attaches  itself  to  the  atom  of  silver,  thereby 
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displacing  the  molecular  group*  NOj,  which  at  once  attaches  itself  to 
the  atom  of  sodium,  forming  sodiimi  nitrate.  The  sum  of  the  molecular 
weights  of  the  products  on  the  right  of  the  equation  (226.75)  is  the  same 
as  that  on  the  left  (226.75).  Not  only  must  the  two  sides  of  the  equa- 
tion balance  each  other  quantitatively,  but  also  qualitatively, — that 
is,  all  of  the  elements  which  enter  into  the  reaction  as  factors  on  the 
left  must  be  accoiuited  for  on  the  right. 

Valency  of  the  Elements. — Elements  combine  with  one  another 
because  of  their  attractive  force  or  chemical  affinity.  For  different  ele- 
ments this  varies  in  power,  and  a  measure  of  it  may  be  had  by  com- 
parison of  the  several  elements  with  hydrogen,  which  combines  with 
the  lowest  saturating  power.  This  combining  or  saturating  value  of 
an  element  is  termed  its  valence,  equivalence,  or  quantivalence.  Valency 
is  the  combining,  saturating,  or  replacing  power  of  an  element  expressed  in 
hydrogen  units.  Valency  is  not  an  absolute  invariable  property  of 
the  element,  but  is  dependent  on  the  nature  of  the  elements  combining 
and  physical  conditions. 

Upon  comparing  the  various  compounds  of  hydrogen  with  several 
of  the  elements,  such  as  chlorine,  oxygen,  nitrogen,  sulphur,  etc.,  dif- 
ferences will  be  observed  as  regards  the  number  of  atoms  of  hydrogen 
which  combine  with  these.    Thus, 


I 

n 

ni 

IV 

HCl 

HsO 

HsN 

H4C 

HBr 

HsS 

HaP 

HiSi 

From  this  we  see  that,  while  chlorine  combines  with  one  atom  of  hy- 
drogen, oxygen  requires  two,  nitrogen  three,  and  carbon  jour.  Elements 
which  combine  with  or  replace  hydrogen  atom  for  atom  are  known  as 
monads;  those  of  which  one  atom  will  combine  with  or  replace  two 
atoms  of  hydrogen  are  called  dyads.  Similarly,  wc  have  the  groups 
triads,  tetrads,  pentads,  hexads,  etc.  As  adjective  terms  we  employ 
univalent,  bivalent,  trivalent,  quadrivalent,  quinquivalent,  sexivalent, 
etc. 

Thus,  chlorine  and  bromine,  which  combine  with  hydrogen  atom  for 
atom,  are  known  as  monads,  while  oxygen  and  sulphur  require  two 
atoms  of  hydrogen  for  saturation  and  are  therefore  dyads.  Sodium, 
on  the  other  hand,  does  not  combine  directly  with  hydrogen,  but,  in 
reacting  with  hydrogen  chloride  (hydrochloric  acid),  replaces  hydrogen 
atom  for  atom;  and  so  its  valence  is  established,  Na  -f  HCl  =  NaCl 
-f  H.  Similarly  the  atom  of  zinc  in  the  reaction  with  hydrogen  chloride 
displaces  two  atoms;  hence  is  a  dyad,  Zn  +  2HCI  -  ■  ZnCU  +  Hg. 

Equivalence. — Like  valence  may  be  termed  equivalence;  it  is  that 
amount  of  an  element  which  combines  with  or  replaces  one  part  by 
weight  of  hydrogen  or  its  equivalent.  The  atomic  weights  are  the  equiv- 
alent weights  of  the  elements  or  multiples  thereof.     For  example,  one 

^For  explanation  of  this  term,  see  Compound  Radicals,  p.  130. 
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atom  (35.18  p.)  of  chlorine  combines  with  one  atom  (  i  p.)  of  hydrogen, 
hence  35.18  is  the  equivalent  (also  atomic)  weight  of  chlorine.  One 
atom  of  sodium  (22.88  p.)  combines  with  one  atom  of  chlorine  (35.18  p.), 
and  since  one  atom  of  this  gas  is  equivalent  to  one  of  hydrogen,  then 
one  atom  of  sodium  (22.88  p.)  must  be  equivalent  to  one  of  hydrogen. 
Two  atoms  of  hydrogen  (  2  p.)  are  equivalent  to  one  atom  of  oxygen 

(I  ic  88\ 
-^^ — j  of  oxy- 
gen.    If  one  atom  of  nitrogen  (13.93  p.)  is  equivalent  to  three  atoms 
of   hydrogen  (3  p.),  then  one  atom  (i  p.)  of  the  latter  will  be  equivalent 

to  (      --■  j  4.643+  parts  of  nitrogen.    To  determine  the  correct  atomic 

weight  of  an  element  we  must  resort  to  special  methods  (pages  150, 
484).  The  equivalent  or  combininf^  weights  of  the  elements  are  ascer- 
tained by  dividing  their  atofnic  weights  by  their  hydrogen  valence. 

In  various  chemical  reactions  elements  or  groups  of  elements  may  replace  one 
another  in  the  molecules  of  the  reacting  compounds.    Thus  one  atom  of  chlorine 


de|)ends  ujx)n  their  valency,  thus  one  atom  of  a  bivalent  or  a  trivalent  elenMUt 
replaces  two  or  three  atoms  of  a  monivalent  respectively. 

II  II  II         II    I  I    II 

ZnO    4-  2HCI  =  ZnCla  -f-    HaO. 
Ill    11  II  III  1  I    11 

BiaOa  1  6HC1  =  2BiCl8  +  3HaO. 

The  sum  of  the  atoms  (or  valencies)  replacing  one  another  must  always  be  eqaaL 

Graphic  Symbols  for  Valence. — When  it  is  desired  to  indicate 
the  valence  of  an  element,  a  Roman  numeral  or  strokes  are  placed  to 
the  right  above  the  symbol.  Thus,  O".  N"\  P^,  or  O",  N'",  or  CI'. 
These  valence  marks  arc  not  used  ordinarily  in  writing  formulae  or  ex- 
pressing reactions  between  chemical  substances,  but  only  in  so-called 
graphic  formula?.  In  such  instances  it  is  customary  to  employ  lines, 
called  bonds,  to  indicate  the  linking  of  atoms  to  one  another.  These 
valence  bonds  should  never  be  considered  as  really  existing,  but  merely 
placed  there  from  i)ure  theoretical  considerations. 

I 


Thus,  0=  or  — O—  or  0<,  N=:  or  — N— ,  =C=  or  >C<  or 


Examples: 
Bivalent  Element. 


O 


Oxygen 
Atom. 


Trivalent  Element. 


I 


NhroKcn 
Atom. 


H 

Hydrogen 

Oxide  or 

Water 

Molecule. 

H 


Nitrogen 

Hydride  or 

Ammonia. 


Potassium 
Hydroxide. 


\/. 
O 

Nitro|(efi 
Monoxide. 


0=0. 

Oxygen 
Molecule. 


I 
o 

A 


N=B, 


Ni 


vitrocen 
Boriac 


Nftsvan 
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Tetravalent  Element 


-i-. 


Carbon 
Atotn. 


H 

H-C— H, 

H 


CI  CI 

H— C— H.  H— C-CL 


«o' 


Carbonic 
Acid  Gas. 


#^ 


'\h' 

roc: 
Aci( 


Methane. 

cu* 


% 


Hydrocyanic 
id. 


Trichlor- 
methane. 


H 

Monochlor- 
methane. 


CHCU. 


Tetrachlor- 
meihane. 


H 

Dichlor- 
methane. 


H— C^C-H. 


Acetylene. 


The  position  of  the  valence  strokes  is  usually  a  matter  of  convenience. 
They  are,  however,  of  great  value  in  illustrating  the  arrangement  and 
relationship  which  various  atoms  bear  to  one  another  in  the  formation 
of  chemical  compounds.  Such  formulae  are  usually  known  as  graphic, 
structured,  or  rational. 


Empirical  or  Condensed  Formulae.^ 

Aminonia,  NHs. 


Bismuth  Oxide,  BiaOa. 


Sulphur  Trioxide,  SOa. 


Sulphuric  Add,  HsSOa. 


Phosphoric  Add,  HsPOa. 


Structural  or  Graphic  FormulK. 
NVH. 

Bi=0 

>o. 

Bi:-0 

%o 

^\c:— OH 

/OH 
0=P^OH. 
\OH 


Lead  Nitrate,  Pb(N08)a. 


Pb 


^o-nC 


Variations  in  Valency. — The  same  element  may  possess  a  dif- 
ferent valence  in  different  compounds.  Thus,  chlorine,  which  in  com- 
bining with  hydrogen  is  a  monad,  forms  a  series  of  compounds  with  oxy- 
gen and  hydrogen  in  which  its  valence  is  one,  three,  five,  and  seven. 
Thus, 


Hypochlorous  Acid, 
Chlorous  Acid, 


H— O-CL 

III 
H— O— C1=0. 


*  The  empirical  or  condensed  formula  simply  expresses  the  kind  and  relative 
number  of  atoms  in  the  molectile. 
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Chloric  Add,  H— O— Cl£  . 

Perchloric  Add,  H— 0-Cl=0. 

Sulphur,  which  combines  as  a  dyad  to  form  hydrogen  sulphide,  unites 
with  oxygen  with  the  valence  of  two,  four,  and  six.    Thus, 

VI 

II  IV  0=S=0 

H— S— H,  0=S=0,  I! 

O 

Hydrogen  Sulphide.  Sulphur  Dioxide.  Sulphur  Ttioxide. 

This  variation  in  valence  increases  by  increments  of  two*,  although 
there  are  exceptions  to  this  general  rule.  Thus,  it  would  be  i,  3,  5,  or 
7,  as  in  chlorine,  bromine,  and  iodine,  or  from  3  to  5,  as  in  nitrogen  and 
phosphorus.  Among  the  elements  of  even  valencies  they  usually 
vary  as  2,  4,  or  6,  as,  for  example,  in  sulphur  or  selenium. 

It  should  be  noted,  however,  that  the  valency  of  all  the  elements  towards 
hydrogen  is  constant  and  unchangeable,  and  is  known  as  hydrogen  valence. 
Thus,  when  combined  with  hydrogen,  chlorine,  bromine,  or  iodine  is 

always  a  monad,  or  when  these  are  combined  with  metals,  as,  for  example, 

II  III 

copper  chloride,  CuClj,  or  bismuth  chloride,  BiCl,.  But  when  various 
elements  are  caused  to  combine  with  the  dyad  oxygen  or  such  other 
elements  as  chlorine  or  bromine,  variations  develop ;  this  is  termed 
oxygen  or  halogen  valence.  Thus,  chlorine,  bromine,  and  iodine  are 
always  monads,  oxygen  and  sulphur  dyads,  nitrogen  and  phosphorus 
triads,  when  they  are  combined  with  hydrogen.  Quite  different  is  the 
case  when  these  and  other  elements  combine  with  oxygen  or  the  halo- 
gens (CI,  Br,  I,  F)  as  cited  above,  in  the  acids  of  chlorine  or  compounds 
of  sulphur,  or,  as  further  examples: 


NaO 

II 
NO 

III 
Na03 

IV 

NOa 

NiK>5 

III 
SaOa 

IV 

SOa 

VI 

SOa 

VII 

SaOr 

ICl 

III 
ICls 

V 

IF5 

From  this  we  learn  that  the  oxygen  (or  halogen)  valence  of  the  elements 
varies. 

In  general,  valency  depends  upon  the  properties  of  the  reacting  elements 
and  the  conditions  under  which  they  unite. 

When  all  the  bonds  of  one  element  have  been  covered  or  replaced 
by  a  like  number  of  another,  the  resulting  compound  is  said  to  be 
saturated, — e.  g.,  HjO,  PCI5.  But  where  one  of  the  elements  of  a  com- 
pound appears  with  a  valency  less  than  its  maximum  valence,  the 
compound  is  said  to  be  unsaturated. 

Compound  Radicals. — From  the  preceding  we  have  learned  that  the 
various  elements  combine  in  accordance  with  their  affinities  and  valencies, 
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giving  rise  to  saturated  molecules  (chemical  compounds).    Thus,  calciimi 

II    I  /  r»  \ 

chloride  is  written  CaCl^ ;  it  cannot  be  CaCl  f  Ca/^Cl  j ,  for  such 
pound  of  chlorine  and  calcium  with  a  free  or  unsaturated  affinity  does  not 


a  com- 


exist.    For  like  reasons  potassium  oxide  must  be  K^O 

CI 


kj)  (o^k)  ' 


bismuth 
O— N; 


III   I      /       /^\  »      VII     /ii  y^      IMa. 

chloride   BiCla  (  Bi';-Cl ) ,  sodium  phosphate  Na3P04  (  0=P^0— Na  )  , 

^     \CK  ^  \0— Na^' 

etc. 

For  theoretical  reasons  we  find  it  convenient  to  distinguish  certain 
unsaturated  groups  of  atoms  (with  free  bonds)  which  deport  themselves 
like  atoms;  these  are  called  compound  radicals,  residues,  or  rests.  Such 
radicals  result .  through  the  removal  of  an  atom  from  the  saturated 
molecules,  their  valency  being  equal  to  the  number  of  unsaturated  bonds. 
Thus, 


II  II 

H— O— H.  Hydrogen  Oxide.    H— S—H,  Hydrogen  Sulphide. 


—(OH),  Hydroxyl. 

IV 

H-CZH,,  Methane. 
— (CH3),  Methyl. 

IV 

0=C^0,  Carbon  Dioxide. 
=(CO),  Carbonyl. 


— (SH).Sulphydryl. 

IV 
H — CilN,  Hydrogen  Cyanide. 

— (CN),  Cyanogen. 


V 


III 
H— N—Ho,  Ammonia. 

— (NH2),  Amidogen. 

V 

H— NOa.  Hydrogen  Nitrate. 
-(NO3).  Nilro- Radical. 

O^S^Q,  Sulphur  Trioxidc. 
=  (S02).Sulphuryl. 


£I(P=0),  Phosphor>I. 

With  but  few  exceptions,  the  names  of  these   compound   radicals  ter- 
minate in  yl.    Those  of  an  uneven  number  of  free  (unsaturated)  bonds 

do  not  exist  in  a  free  state,  but,  like  atoms,  when  liberated  immediately 

I 
unite  with  other  atoms  to  form  molecules.     Thus,  (OH)  +  H  =  HOH 

or  HjO;  (OH)  +  (OH)  =  Hp^,  hydrogen  dioxide;  (OH)  +   (OH)  + 

(SO,)   =  SOj(OH),  or  H,SO„  hydrogen   sulphate;  H  +\CH3)  =  CH„ 

I  I 

methane;  (NH,)  +  (CH,)  =  NHjCHj,  methylamine,  etc. 

Such  residues  as  have  an  even  number  of  bonds,  as  sulphuryl 
=  (SO,)  and  carbonyl  =  (CO),  may  exist  in  a  free  state,  since  there  is  a 
mutual  saturation  between  the  two  free  bonds.    Thus,  <  (SOg) ,  <  (CO) . 

In  the  various  reactions  of  analytic  and  synthetic  chemistry  these  rad- 
icals play  an  important  part;  the  readiness  with  which  they  interchange 
with  atoms  may  be  seen  in  the  following  equations  : 


AgNO* 

Silver  Nitrate. 

+ 

I    I 
NaCl 

Sodium  Chloride. 

-          AgCl 

Silver  Chloride. 

+ 

NaNOs. 

Sodium  Nitrate. 

1     I 
CHsI 
Methyl  Iodide. 

+ 

I      I 

AgOH 

Silver  Hydroxide. 

-         CH3OH 

Methyl  Hydroxide. 

-f 

Agl. 

Silver  Iodide. 

1      II 

NaaSOt 
Sodium  Sulphate. 

-f- 

.Bli(Nb«)« 

Barium  Nitrate. 

=       2NaN08 
Sodium  Nitrate. 

+ 

BaSOi. 
Barium  Sulphate. 

I      III 

aNaaPOt 

SodittiD 
Phoiplttte. 

+ 

• 

II     II 

3MgS04 

Magnesium 
Sulphate. 

=      3NaaS04 

Sodium 
Sulphate. 

+ 

n       in 

Mg8(P04)«. 

Magnesium 
Phosphate. 

132  CHEMISTRY  OF  THE  NON-METALS. 

Compound  Molecules.  —  Simple  molecules  (as  H^,  P^)  consist  of 
like  atoms,  while  compound  molecules  are  made  up  of  unlike  atoms. 
These  may  be  divided  into  two  classes,  namely  binary  and  ternary. 

Binary  Compounds.  —  These  consist  of  only  two  kinds  of  atoms,* 
as  NaCl,  FeS,  NH^Cl.  In  writing  their  formulae  the  electro-positive 
element  is  placed  first,  followed  by  the  electro-negative.  Thus,  we  write 
NaCl  and  not  ClNa.  In  naming  the  compound  the  same  order  is  ob- 
served: the  name  of  the  positive  atom  or  radical  is  followed  by  that  of 
the  negative,  which  terminates  in  ide.    Thus, — 

}-  —  +      — 

NaCl  =  Sodium  Chloride.  (NH4)C1  --  Ammonium  Chloride. 

*-  —  4-  — 

CaO   —  Calcium  Oxide..  (NH4)CN  =  Ammonium  Cyanide. 

NaOH  =  Sodium  Hydroxide.     (CaHs)!  =  Ethyl  Iodide. 

Thus,  compounds  in  which  chlorine  acts  as  the  electro-negative  element 
are  called  chlorides,  with  oxygen  as  oxides,  with  phosphorus  as  phosphides, 
with  the  radical  CN,  as  cyanides. 

The  valency  of  the  different  elements  entering  into  combination  should 
be  carefully  observed,  in  order  that  there  be  no  free  (unsaturated)  bonds 
remaining  in  the  formula.  This  may  be  illustrated  in  the  following 
classification: 

a.  The  atoms  unite  singly  where  the  valencies  are  alike, — 

T    I  II  ir  II  mill  IV IV 

NaCl,        .         AgBr,  CaO,  BN,  SiC. 

b.  One  valence  is  a  multiple  of  the  other, — 

I     n  II    I  IV  V  VI 

AgaO,  CaCla,  CCU,  PCU.  VVCle. 

c.  Combinations  of  atoms  of  unequal  valencies.  In  such  cases  the 
valencies  of  the  different  atoms  or  atomic  groups  are  exchanged  as 
coefficients, — 

III   II  III   II  V    II  VII  II 

BiaOa,  AsaSa,  PaOo,  ClaO?. 

Where  the  two  elements  form  several  compounds,  the  negative  element 
retains  its  normal  valence  while  the  positive  may  vary.  To  dis- 
tinguish between  two  compounds  of  the  same  two  elements,  we  em- 
ploy the  ending  ous  to  indicate  the  lower  valence,  or  lower  state  of  oxi- 
dation, and  ic  the  higher.    Thus, — 

II  11  IV  II 

FeO     V^xrous  Oxide.  SOa  Sulphur^i^  Oxide. 

III  II  VIII 

FeaOa  Ferr/V  Oxide.  SOa  Sulphur/V  Oxide. 

In  those  cases  where  two  elements  form  two  or  more  compounds,  these 
may  be  more  appropriately  distinguished  from  one  another  by  means 
of  Greek  numeral  prefixes  added  to  the  name  of  the  negative  element. 


Also  radicals  which  act  as  electropositive  or  negative  elements. 
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NiO    =  Nitrogen  mofi-oxide.       SOa   = -Sulphur  di-oxide  (Sulphurous  Oxide). 
NiOt  =         **       di'Oxide.  SOa   =       **        /n'-oxide  (SulphunV  Oxide). 

NfOt  =         •*        /rr-oxide.  PaOs  =  Phosphorus /W-oxide(Phosphor^i«  Oxide). 

NaO*  =         **       feir-oxide,        PaOa  =  **       /^»/-oxide  (Phosphorwr  Oxide). 

NaOft  ==         *•       penZ-oxide.       NaOa  =  Nitrogen  /n'-oxide  (Nitr^«j  Oxide). 

Na05=        "         /<?«/-oxide(Nitr/V  Oxide). 

Ternary  Compounds. — ^These  consist  of  three  or  more  different 
kinds  of  atoms,  one  of  which  serves  to  unite  the  two  other  dissimilar 
atoms  or  radicals;  for  example, — 

^O  HO.     yO  /OH 

H-O— nC     (HNOa)  /^V^  ("«^^*^      0=P^OH  (H3PO4). 

Nitric  Acid.  Sulphuric  Acid.  Phosphoric  Acid. 

Acids. — Acids  are  compotmds  of  hydrogen  with  an  electro-negative 
element  or  radical.  They  usually  possess  a  sour  taste  when  diluted, 
redden  blue  litmus,  and  saturate  bases  (oxides  and  hydroxides  of  metals). 
In  solution  acids  dissociate  into  hydrogen  cations  and  non-metallic 
anions,  the  former  producing  the  acid  reaction.  (Consult  page  144.) 
All  acids  contain  hydrogen,  which  i^ readily  replaceable  by  metals,  the 
product  being  termed  a  salt.  Acids  may  be  divided  into  two  classes — 
namely,  the  binary  or  halogen  acids,  and  the  ternary  or  oxygen  acids. 

Binary  or  Halogen  Acids. — ^These  are  compounds  of  hydrogen  and 
the  halogens,*  and  are — 

HC1=- Hydrogen  chloni^.  HI  =  Hydrogen  iodide. 

HBr=     "      **     bromide,  HF  =     *'      "     duoride. 

In  naming  these,  custom  has  followed  another  method,  which  con- 
sists in  employing  the  term  acid  and  preceding  it  by  the  name  of  the 
electro-negative  element  ending  in  ic  with  the  prefix  hydro;  thus, — 

HCl  = //ydrochloric  Acid. 
HI    -  -  Hydrdxodic  Acid . 

Ternary  or  Oxygen  Acids. — ^These  are  ternary  compounds  in  which 
hydrogen  is  linked  by  means  of  oxygen  to  electro-negative  radicals 
containing  oxygen.    For  example, — 

H— O— ClOa  HO-NOa  (HO)aSOa 

Chloric  Add.  Nitric  Acid.  Sulphuric  Acid. 

These  acids  dissociate  into  hydrogen  ions  and  the  oxygenated  negative 
ion  complex;    thus, — 

HClOa  =  H  -f  ClOs.  HNO3  --  H   f-  NOs. 

HaSOi  --  H  +  H  -h  504. 

Like  binary  acids,  the  hydrogen  atoms  are  replaceable  by  electro- 
positive atoms  or  radicals.      Also    the  oxygen  acids  of  lower  valence 


♦  The  halogens  are  a  group  of  elements  consisting  of  chlorine,  bromine,  iodine, 
and  fluorine. 
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(lower  state  of  oxidation)  end  in  ous  and  the  higher  ones  in  ic.     The 
compounds  of  these  end  in  ite  and  ate  respectively.    Thus, — 

Acids.  Salts. 

HNOa    Hydrogen  NitnVIf NaNOa   Sodium  Nitr/V^ 

or  Kiirotis  Acid. 

V  11 

HNOs    Hydrogen  Niirafe NaNOs    Sodium  Nitro/r 

or  NitriV  Acid. 

IV  II 

HaSOa    Hydrogen  SulphiV^ NaSOs  Sodium  Sulpht^ 

or  Sulphur^wj  Acid. 

VI  II 

HaSOi    Hydrogen  Sulpha/^ NaSOi  Sodium  Sulpho/r 

or  Sulphur/r  acid. 

Some  elements  form  several  oxygen  acids,  differing  from  one  another 
in  the  number  of  molecules  of  oxgyen  present.  For  such  as  contain 
less  oxygen  than  the  ous,  we  employ  the  prefix  'hypo/  and  those  con- 
taining more  than  the  ic,  the  prefix  'per. *    Thus, — 

Acids.  Salts. 

I 

HCIO     //ypochiorous  Acid Sodium  //ypochlorile 

III 
HClOa  chlorous  Acid Sodium  chlortV^ 

V 

HClOs  chlor/r  Acid Sodium  chloToU 

VII 

HCIO4       Perchloric  Acid Sodium      /Vrchlorate 

The  following  represent  a  number  of  prefixes,  some  of  which,  though  antiquated, 
still  find  usage  in  pharmaceutical  literature. 

Proto  means  first  of  a  series;  for  example,  protoiodide  of  mercury  (Hgl)  and 
protochlonde  of  iron  (FeCb)  represent  the  simplest  combinations  of  these  two 
elements. 

Detito,  Pi,  Bin,  or  Bi. — These  prefixes  refer  to  the  number  of  atoms  of  the  electro- 
negative clement  present  in  the  compound.  Deuto-  or  &«fiiodide  of  mercury 
(Hgl 2),  di-  or  6tchloride  of  mercury. 

Sub  means  below  or  under  ;  thus,  a  5M6oxide  or  jM^chloride  refers  to  the  oxide 
or  chloride  below  the  normal.    Since  normal  oxide  of  mercury  is  HgO,  the  suboxide 

/Hg\      \ 
would  be  HgaO  (     |      ^  O  )  •  ^he  latter  compound  containing  a  lower  percentage 

VHg        / 
of  oxygen.     Subchloridc  of  mercury  is  HgCl  (or  HgaCla),  and  contains  less  chlorine 
than  the  normal  or  bichloride  (HgCla). 

Super  or  Hyper  means  ''beyond;'*  thus,  a  super-  or  hy peroxide  would  be  the 
oxide  bevond  the  normal;    as,  for   example,  normal  sodium  oxide  is  NasO;    its 

/Xa— C)\ 

next  higher  or  sinxjroxide  is  XaaOal  |    j.     These  terms  are  almost  obsolete. 

\Na-0/ 
P^r.-^This  prefix,  which  is  frequently  employed,  indicates  that  the  molecule 
contains  the  highest  |xjssible  |xjrcentage  of  the  electro-negative  element  or  group. 
Thus,  we  have  />rrchloride  of  iron  (FeCla)  as  compared  with  />ro/(>chloride  (reCli); 

(O— H\ 
I         j  ;  sodium  p<?roxide,  NasOs;   perchloric 

acid,  HCIO4. 
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Sesqui, — This  term  refers  to  a  ratio  of  two  atoms  of  the  electro-positive  element 
to  three  of  the  electro-negative.    Thus,  sesquioxide  of   iron    would    be    FesOa 

,Pe=0 


.Fe=0 

SbaSs  is  sesqutsvlphide  of  antimony. 
'Fc=0  ' 


Basicity. — ^The  basicity  of  acids  is  represented  by  the  number  of  hy- 
drogen atoms  which  can  be  replaced  by  monovalent  electro-positive 
atoms  or  radicals.    Examples  : 

Monobasic  acids — hydrogen  chloride  (HCl)  and  hydrogen  nitrate 
(HNO3). 

Dibasic  acids — ^hydrogen  sulphate  (H^SO^)  and  hydrogen  oxalate 
(HAO4). 

Tribasic  adds — hydrogen  phosphate  (HjPO^)  and  hydrogen  borate 
(H3BO3). 

Teirabasic  adds — ^hydrogen  pyrophosphate  (H^PjO^)  and  hydrogen 
ferrocyanide  [H^Fe(CN)J. 

Polybasic  acids.  These  include  all  that  are  of  a  greater  basicity  than 
monobasic.  Among  the  ternary  acids  are  certain  ones  in  which  the 
number  of  hydrogen  atoms  contained  in  the  molecule  does  not  indicate 
their  basicity.  The  replaceable  hydrogens  are  all  linked  to  the  negative 
atom  or  group  by  aid  of  oxygen,  hence  the  nimiber  of  hydroxyl  (OH) 
groups  determines  this. 

Hypophosphorous  Acid,  0=P — H     is  monobasic 
(HPHtO,)  \h 

/OH 

Phosphorous  Add,        0=P — OH   is  dibasic. 
(H,PHO»)  \jl 

Ortho-9  Meta-9  and  Pyro  Acids. — Or//w7-acids  (o/o^dj  —  true)  are 
those  in  which  there  are  the  same  number  of  hydroxyl  (OH)  groups  as 
there  are  affinities  or  valencies  in  the  negative  atom  or  group.    Thus, — 

Ortho-phosphoric  Add,       0=P(0H)8  .  .  (HsPOi). 

V 

Ortho-antimonic  Add,  OSb(OH)8  .   .   HaSbOi. 

Ortho-boric  Add,  B(OH)8   .  .  .   (H3BO3). 

By  the  removal  of  one  molecule  of  water,  acids  containing  but  one 
atom  of  hydrogen  result;  these  are  called  '^meta-'*  {fisra  =:  a  change) 
acids. 
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(H0)8P=0  or  HsP04  —  H«0  =■.  (HO)  ?f  .  or  HPOt. 

Ortho-phosphoric  Acid.  Meta-pbospboric  Add. 

Ill  III 

B(OH)8  or  (HsBOs)  —  HaO  =  (HO)BO  or  (HBOa). 
Ortho-boric  Acid.  Meta-boric  Acid. 

If  one  molecule  of  water  is  removed  from  two  moleciiles  of  an  ortho- 
acid,  a  pyrO'SLcid  results, — 

HO~P=0  ^9\v 

-      H«0       =  (^ 

SR\p    n  H0>=0. 

HO-^ 

Ortho^hosphoric  Acid.  Pyro-phospboric  Acid. 

2H3PO4  H4PSO7 

Acid  Anhydrides. — These   are   obtained   from   acids  by   removing 
all  of  the  hydrogen  with  sufficient  oxygen  to  form  water. 

HOv  VI  VI 


HO 


/ 


SOa         —        HiO        =        SOa 


Hydrogen  Sulphate.  Sulphuric  Anhydride 

(Sulphur  Trioxide). 

In  case  the  number  of  hydrogen  atoms  in  the  acid  is  uneven,  the 
anhydride  is  derived  from  two  molecules  of  the  acid. 

HO— NOa  V  /NOa 

V         —     HaO    =     NaOs   or  0< 
HO—NOa  ^NOa 

NitHc  Acid.  Nitric  Anhydride. 

• 

Bases. — ^These  are  compounds  in  which  a  positive  element  or  radical 
is  linked  to  hydroxyl.  Or  they  may  be  considered  as  being  derived 
from  one  or  more  molecules  of  water,  in  which  one  hydrogen  of  each  is 
replaced  by  an  electro-positive  element  or  radical.  Owing  to  the  presence 
of  the  hydroxyl  ( — OH)  group,  these  compounds  are  known  as  hydrox- 
ides (sometimes  incorrectly  termed  hydrates). 

I  TI  III  I 

KOH  Ba(OH)a  Bi(OH)8  NH4OH 

The  number  of  OH  groups  present  determines  the  saturating  (page 
137)  power  of  the  base;  hence  they  are  termed  mono-, di-, or  tri-acid 
or  hydric  bases.  Thus,  KOH  is  a  mono-hydric  or  acid  base,  since  it  sat- 
urates one  molecule  of  a  mono-basic  acid, — 

KOH  +  HCl  =  KCl  +  HaO 
II 
Ba(OH)j  is  di-hydric,  since  it  saturates  two  molecules  of  a  mono-basic 

acid, — 

Ba(OH)a  -f  2HCI  =  BaCla  +  aHaO 
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With  oxygen  the  metals  yield  oxides,  and  many  of  these  form  hydrox- 
ides when  brought  in  contact  with  water, — 

NaaO  +  HaO  =  2NaOH 

Sodinm  Oxide.  Sodium  Hydroxide. 

CaO  +  HaO  =  Ca(OH)a 

Calcium  Oxide.  Calcium  Hydroxide. 

Bases  through  electroljrtic  dissociation  split  up  into  metal  cations  and  hydroxy! 
(OH)  anions.  The  latter  impart  the  alkaline  taste  and  reaction  that  turns  red 
Utmus  blue.  Bases  are  strong  or  weak  according  to  their  degree  of  dissociation, 
the  strongest  being  the  hydroxides  of  the  alkali  metals  (K.  r^a,  Rb,  Li),  which 
dissociate  very  readily.  Ammonium  hydroxide  is  a  very  weak  base,  being  about 
300  times  weaker  than  potassium  hydroxide  when  the  latter  is  in  normal  solu- 
tion (5  J.  7  p.  in  1000).  The  hydroxides  of  the  alkaline  earths  (Ca,  Sr,  Ba)  are 
strong  bases,  but  less  so  than  the  alkali  metals.  The  hydroxides  of  the  heavy 
metals  are  so  insoluble  that  they  fail  to  dissociate. 

Salts. — Salts  are  the  product  of  the  interaction  between  acids  and 
bases  or  metals.  They  consist  of  one  or  more  electro-positive  elements 
or  radicals  united  to  one  or  more  electro-negative  elements  or  radicals 
according  to  their  respective  valencies.    Thus, — 

NaOH  +  HQ  =r  NaCl  -f  HaO 

Sodium  Hydroxide.        Hydrpgen  Chloride.       Sodium  Chloride.  Water. 

BiaOa        -h         aHaSb*        -=         Bi8(sb4)8        +        sHaO 

Bismuth  Oxide.         Hydrogen  Sulphate.         Bismuth  Sulphate. 

MgO         +  HaSOi        ---  MgSbi  -f  HaO 

Magnesium  Oxide.        Hydrogen  Sulphate.        Magnesium  Sulphate. 

The  above  reactions  serve  to  illustrate  what  is  known  as  neutrali- 
zation, — that  is,  the  exact  saturation  of  an  acid  with  an  alkali  hydroxide 
or  oxide.  To  ascertain  when  neutralization  (replacement  of  hydrogen) 
is  complete,  we  employ  litmus  paper,  which  will  indicate  saturation  by 
change  in  color,  the  presence  of  the  slightest  excess  of  acid  producing  a 
red,  while  with  an  alkali  this  changes  to  blue.  Salts  also  result  from  the 
action  of  acid  anhydrides  upon  bases  and  acids  upon  metals. 

2NaOH  4-  ^8  =  NaaSbs        +     HaO 

Sodium  Hydroxide.  Sulphurous  Anhydride.  Sodium  Sulphite. 

+  +    -  +    —  + 

Zn  -h  HaSO*  =  ZnSOi    +    Ha 

Zinc.  Hydrogen  Sulphate.  Zinc  Sulphate. 

3Cu        4-        SHNOa       =       3Cu(N03)a        -f        NaOa         -f        4HaO 
Copper.  Hydrogen  Nitrate.  Cupric  Nitrate.  Nitrogen  Dioxide. 

Since  there  is  only  one  replaceable  hydrogen  in  the  binary  acids, 
there  can  be  only  one  class  of  salts. 

Salts  of  the  oxygen  or  ternary  acids  may  be  classified  as  normal, 
acid,  or  basic. 
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Normal  or  Neutral  Salts. — ^These  are  formed  by  the  replacement  of 
all  of  the  hydrogen  atoms  (cations)  of  an  acid  by  metals  (anions).  They 
are  usually  of  neutral  reaction.* 


I    I 
NaCl 

Sodium  Chloride. 


II     II  II       III 

ZnSOi  Ca8(P04)8 

Zinc  Sulphate.       Calcium  Phosphate. 


Acid  Salts. — ^These  are  derived  by  the  partial  replacement  of  the 
hydrogen  of  polybasic  acids  by  metals.  They  always  contain  one  or 
more  unreplaced  hydrogens  and,  in  consequence,  usually  have  an  acid 
reaction.    These  compounds  are  termed  acid,  bi,  or  hydrogen  salts.    Thus, 

NaHSOi  -"Sodium  acid  sulphate,  or  sodium  Sulphate,  or  sodium  hydrogen  sulphate. 

The  salts  of  the  tribasic  acids  are  named  according  to  the  number  of 
hydrogen  atoms  which  have  been  replaced, — namely,  primary,  second- 
ary, or  tertiary,  or  mono,  di,  or  tribasic  salts. 


HsPOi. 

Hydrogen 
Phosphate. 


NaHaPOi. 

Mono-sodium-di>hy- 
drogen  Phosphate. 

Mono-basic  Sodium 
Phosphate. 

Primary  Sodium 
Phosphate. 


NaaHPO*. 

Di-sodium-mono-hy- 
drogen  Phosphate. 

D  i-b  a  s  i  c  Sodium 
Phosphate. 

Secondary  Sodium 
Phosphate. 


NasPOi. 

Tri-sodium  Phosphate. 

Tri-basic  Sodium  Phos- 
phate. 

Tertiary  Sodium  Phos- 
phate. 


Double  Salts. — These  are  obtained  by  replacing  the  hydrogen  atoms  of 
polybasic  acids  by  different  positive  atoms  or  radicals.     Examples, — 


HaSOi 

Hydrogen  Sulphate. 


I    I     II 

KNaSOi 
Potassium  Sodium  Sulphate. 


I       I      II 

NaNH4S04 

Sodium  Ammonium  Sulphate. 


II        I      III  III   III 

HsPOi  MgNHiPOi  KNaLiPOi 

Hydrogen  Phosphate.     Magnesium  Ammonium  Phosphate.     Potassium  Sodium  Lithium  Phosphate. 

Certain  salts  have  the  property  of  taking  up  other  electro-negative 
radicals  as  well  as  uniting  with  other  salts,  forming  what  are  also  termed 
double  salts.  To  account  for  this  we  must  assume  the  presence  of  re- 
sidual or  latent  valencies.     For  example,  if  chlorine  gas  is  passed  into 

I 

rubidiimi   iodide    (Rbl),    the  double    salt  iodo-rubidium-tetra-chloride 
(RblCl^)  forms ;  there  is  also  an  iodo-rubiditun-di-bromide,  RblBr^.    Also 


♦  Neutral  salts  of  such  weak  acids  as  hydrocyanic  (HCN),  boric  (HsBOs),  or 
silicic  (HaSiOa),  may  be  of  alkaline  reaction,  while  the  neutral  salts  of  weak  bases, 
as  ferric  [Fe(OH)8],  aluminum  [Al(OH)8],  and  zinc  [Zn(OH)8]  hydroxides, 
may  show  an  acid  reaction.  This  is  caused  by  the  dissociating  action  of  the  water 
ions,  whereby  the  salts  of  the  weak  acids  split  up  into  non-dissociating  acids  and 
dissociated  bases.  For  example,  sodium  cyanide,  a  compound  of  a  strong  base 
(NaOH)  and  weak  acid  (HCN;t  shows  the  alkaline  reaction  of  the  OH  ions  of  the 
water,  in  addition  to  that  of  the  Na  ions,  for  the  compound  NaOH  dissociates 
completely.  The  H  ions  of  the  water  combine  with  the  CN  ions,  forming  HCN,  which 
is  a  very  weak  and  slightly  dissociable  acid. 

Ferric  chloride  (FeC5),  a  compound  of  the  strong  acid  (HCl)  and  weak  base 
[Fe(0H)3],  shows  an  acid  reaction  due  to  the  presence  of  the  H  ions  of  the  water 
and  CI  ions  of  the  acid.  The  alkaline  reaction  of  the  OH  water  ions  is  not  mani- 
fested, because  they  unite  with  the  Fe'''  ions  to  form  a  non-dissociatiiig  compound. 
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upon  mixing  certain  different  salts,  these  unite,  crystallizing  together  as 

one,  as,  for  example,  the  sulphates  of  the  alkalies  and  alumintun,  iron, 

I 

or  chromitim,  forming  thereby  the  alums  of  the  general  formula  RjSO^. 

RVSO,)3+24HjO  (R=K,Na,NH„Rb,andR'  =  Al,Cr,orFe).  Among 
other  double  salts  are  the  double  chloride  of  aluminum  and  sodium 
(NaCl.AlClj),  the  double  fluoride  of  altunintun  and  sodium  ( 3NaF. 
AIF3),  the  potassio-platinic  chloride  (2KCl.PtCl^),  etc. 

Basic  Salts. — These  are  derived  by  the  replacement  of  part  of  the  hy- 
droxyl  groups  of  polyhydroxides  by  acid  radicals.  That  is,  the  amount 
of  acid  used  is  not  sufficient  to  neutralize  the  basic  hydroxide  (hydrox- 
ide of  Bi,  Zn,  Pb,  Sb).  They  may  also  be  considered  as  compounds 
of  normal  salts  and  metallic  oxides  or  hydroxides.  Basic  salts  are 
frequently  termed  oxy  or  sub  salts. 

<0H  /NOs 

Pb< 
OH  ^OH 

Lead  Hydroxide.  Basic  Lead  Nitrate,  or 

Lead  Subnitrate,  or 
Lead  Oxynitrate. 

Bi^OH  BieOH    (  Bi/        -f  HaO  )    Bif  NOs 

X)H  X)H     \     X)  /         ^OH 

Bismnth  Hydroxide.  Primary.  Secondar>\ 

Basic  Bismuth  Nitrates. 

These  basic  salts  may  also  be  considered  as  resulting  from  the  re- 
placement of  hydrogen  atoms  of  an  acid  by  metallic  oxides  or  hydroxides. 

II    I  III  II 

HNOa  (PbOH)— NOs  (BiO)— NOs 

Hydrogen  Nitrate.  Basic  Lead  Nitrate.  Basic  Bismuth  Nitrate. 

HCl         (Li  OH  ci)  —  Basic  Zinc  Chloride. 
Hydrogen  Chloride. 

Oxidation  and  Reduction. — Oxidation  embraces  all  chemical  reac- 
tions which  result  in  the  addition  of  electro-negative  elements  to  an 
element  or  compotmd  or  a  decrease  in  the  relative  quantity  of  the  elec- 
tro-positive element. 

Compound,  Oxidizing  Agent,  Oxidized  Product. 

Mg  .  O  =  MgO 

II  III 

FeCla  -h  CI  =  FeCla 

III 

(6FeCla  +    6HC1  +  2HNOs  =  6FeCl3  +  NaOa  +  4HaO) 

PbS  +  20a  =  PbSOi 

(PbS  -f  4HaOa  =  PbS04  +  4HaO) 

The  oxidizing  agent  undergoes  deoxidation  (reduction).  Reduction 
(the  reverse  of  oxidation)  is  the  abstraction,  partial  or  entire,  of  an 
electro-negative  element  from  a  compound. 


Compound, 

f  1  f 

Reducing  Agent 

111 

2FeCl8 

*  WW 

+ 

H« 

III 

FeaOs 

+ 

3H« 

2HgCl« 

+ 

HaSOs  -f  HaO 

KNOs 

+ 

Pb 

CuO 

+ 

H« 
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Reduced  Compound, 

=  2Fea8  -f  2HCI 

=  Fea  +  3H8O 

=         2HgCl  +  HaSO*  +  2HCI 

III 
=  KNOa  +  PbO 

=  Cu  +  HaO 

The  reducing  agent  undergoes  oxidation. 

Conditions  Necessary  for  Chemical  Change. — Chemical  changes 
are  the  result  of  chemical  action  which  takes  place  in  response  to  that 
attractive  force  known  as  chemical  affinity.  This  latter  force  varies 
greatly,  not  only  among  the  various  elements  but  also  with  the  same 
element  under  different  conditions.  Some  chemical  compounds  pos- 
sess such  molecular  instability  that  they  undergo  change  either  on  stand- 
ing (as  the  oxides  of  chlorine)  or  upon  a  slight  shock  (as  nitrogen  chloride 
or  iodide).  Other  elements  or  compounds  require  the  influence  of  cer- 
tain physical  forces,  such  as  heat,  light,  or  electricity,  in  order  to  bring 
about  reaction.  Usually  the  first  condition  which  is  necessary  to  induce 
chemical  interchange  is  to  secure  intimate  contact  and  freedom  of 
motion  between  the  molecules,  so  as  to  favor  atomic  interchange.  This 
is  usually  accomplished,  between  solids,  by  aid  of  a  solvent.  Thus,  we 
may  mix  finely  powdered  corrosive  sublimate  (HgCl^)  and  potassium 
iodide  (KI),  and  so  long  as  they  remain  in  the  dry  condition  no  reaction 
will  take  place,  but  with  the  addition  of  water  the  white  powder  dis- 
appears and  a  red  one  forms,  thereby  indicating  that  chemical  reaction, 
resulting  from  an  interchange  of  the  several  atoms,  has  taken  place. 

HgCla         4  2KI  ^-.         Hgia  f  2KCI. 

Mercuric  Chloride.       Potassium  Iodide.        Mercuric  Iodide.       Potassium  Chloride. 

In  gases  we  find  the  same  freedom  of  molecular  contact  and  motion 
as  in  the  solutions  of  solids.  Thus,  on  mixing  chlorine  and  gaseous 
hydrogen  bromide,  bromine  is  liberated  from  its  compound  with  hydro- 
gen :    2CI  +  2HBr  =  2HCI  +  2Br. 

Nitrogen  dioxide  unites  under  like  circumstances  with  oxygen  to 
form  nitrogen  tetroxide,  NgO^  -^  0^  =  N^O^. 

The  union  of  chlorine  and  hydrogen  may  be  accomplished  by  exposing 
the  mixture  of  the  gases,  in  molecular  proportions,  to  strong  simlight; 
oxygen  and  hydrogen  combine  through  application  of  a  flame,  while 
oxygen  and  nitrogen  unite  only  through  the  continued  action  of  the 
electric  spark.  The  union  of  certain  other  gases  is  brought  about  through 
the  presence  of  a  foreign  body,  which  apparently  does  not  take  any 
part  in  the  reaction.  Such  a  substance  is  called  a  catalytic  agent  (see 
pages  186,  221).  For  example,  sulphur  dioxide  and  oxygen  unite  in 
the  presence  of  spongy  platinum.* 

♦  Asbestos  wool  is  impregnated  with  a  solution  of  ammonio-platinic  chloride, 
then  ignited,  whereby  finely  divided  platinum  remains  distnbuted  over  the 
asbestos. 
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Chemical  Changes  in  Aqueous  Solutions, — Upon  mixing  solutions 
of  chemical  compotmds,  an  interchange  of  atoms  or  atomic  groups 
(radicals)  takes  place,  resulting  in  the  formation  of  new  compounds; 
precipitation  takes  place  or  not,  according  to  the  solubility  of  these  in 
the  given  menstruum. 

Example. — If  we  mix  an  almost  colorless  solution  of  ferric  chloride  and  a  color- 
less solution  of  sodium  acetate,  a  dark  red  solution  results.  This  change  in  color  is 
iidicative  of  chemical  action,  although  no  precipitation  takes  place. 

FeCls        -h     3(NaCaH80a)    =       3NaCl        -h     FeCCaHsOaJs. 
Ferric  Chloride.  Sodium  Acetate.  Sodium  Chloride.  Ferric  Acetate. 

Example. — If  we  mix  solutions  of  barium  chloride  and  sodium  sulphate,  a 
precipitate  forms,  owing  to  the  insolubility  of  the  newly  formed  compound  barium 
iulpluite,  which  is  the  result  of  an  interchange  or  rearrangement  of  atoms.    Thus, — 

BaCla      -I-  NaaS04        -=        BaSOi        +        2NaCl. 

Barium  Chloride.       Sodium  Sulphate.       Barium  Sulphate.       Sodium  Chloride. 

In  this  manner  the  element  barium  may  be  removed  from  a  solution  by  the  aid 
of  a  reagent,  with  which  it  forms  an  insoluble  compound.  Such  reactions  which 
involve  precipitation  of  one  of  the  elements  furnish  the  analyst  with  a  valuable 
means  for  their  identification  and  separation. 

Example. — If  the  resulting  compotinds  formed  in  a  reaction  of  this  kind  are 
soluble  in  the  solvent,  we  must  resort  to  artificial  means  of  removing  either  the 
undesirable  or  the  desirable  product.  This  is  usually  accomplished  either  by 
changing  the  temperature  or  the  solvent,  whereby  one  of  either  of*  the  products 
precipitates.  Thus,  we  may  prepare  ammonium  bromide  by  mixing  solutions  of 
potassium  bromide  and  ammonium  sulphate;  as  a  result,  two  soluble  compoimds 
are  produced,  as  follows: 

2KBr       4-         (NH4)aS04       =       aNHiBr         +  KaSOi 

Potassium  Bromide.       Ammonium  Sulphate.       Ammonium  Bromide.        Potassium  Sulphate. 

In  order  to  separate  the  inert  side- product  potassium  sulphate  from  the  am- 
monium bromide,  advantage  is  taken  of  the  fact  that  the  former  is  practically 
insoluble  in  diluted  alcohol,  while  the  latter  is  soluble;  hence  alcohol  is  added  to 
the  not  too  dilute  fluid  mixture,  and  after  standing  in  a  cool  place  a  few  hours  the 
solution  of  the  ammonium  bromide  is  drained  off  from  the  precipitated  potassium 
sulphate  and  evaporated. 

The  following  general  rules  of  solubility  should  be  noted,  for  a  knowledge  of 
these  is  indispensable  for  laboratory  work  : 

1.  All  normal  nitrates  are  soluble. 

2.  All  chlorides  are  soluble  except  those  of  silver,  mercurous  mercury,  cuprous 
chloride,  and  lead. 

3.  All  sulphates  are  soluble  except  those  of  barium,  calcium,  strontium,  and 
lead. 

4.  All  phosphates  are  insoluble  except  those  of  the  alkali  metals  (viz.,  K,  Na,  Li) 
and  ammonium. 

5.  All  carbonates  are  insoluble  except  those  of  the  alkali  metals  and  ammonium. 
Reactions,  Kinds  of. — Various  chemical  reactions  may  be  classified  as  follows  : 

1.  Analytic  Reactions. — ^The  decomposition  of  complex  molecules  into  simple 
ones  ;  as, 

CaCOs  -f  heat   --  CaO    f  COa. 

2.  Synthetic  Reactions. — The  formation  of  compound  bodies  from  simple  ones  : 

Fe   -f    S      --  FeS. 
FeS  +  6KCN  =  K4Fe(CN)e  -\-  K2S. 

3.  Metathetical  Reactions. — ^These  involve  interchanges  of  atoms  and  radicals  : 

AgNOa  -h  NaCl  --  AgCl    t    NaNOs. 
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4.  Reversible  or  Reciprocal  Reactions. — ^Whether  it  is  the  original  reacting 
substance  or  their  products  which  react,  both  lead  to  a  state  of  equilibrium.  Such 

equations  are  indicated  by  the  symbol  '^^.  The  tendency  with  which  a  sub- 
stance endeavors  to  undergo  chemical  transformation  increases  with  its  concen- 
tration. With  the  decrease  in  the  quantity  of  the  original  reacting  substances, 
their  tendency  towards  transformation  becomes  weaker,  while,  on  the  other  h^id. 
the  products  of  the  reaction  tend  towards  retransformation  as  they  accumulate. 
Hence,  a  chemical  reaction  tends  10  come  to  a  standstill  or  reach  a  state  of  equi- 
librium governed  by  temperature  and  pressure.  For  example,  if  sodium  bi- 
carbonate be  heated  in  a  confined  space  preventing  the  carbon  dioxide  and  water 
from  escaping,  a  state  of  equilibrium  is  reached  owing  to  the  partial  reformation 
of  the  original  substance,  thus  : 

2NaHC08  ^i:^  NaaCOa   1   CO2  4   HaO. 

If  molecular  quantities  of  iodine  and  hydrogen  are  heated  to  445°  in  a  sealed 
vessel,  79  per  cent,  of  hydriodic  acid  is  formed  and  21  per  cent,  of  the  mixture 
remains  unchanged.    The  hydriodic  acid  formed  undergoes  decomposition,  to  the 

extent  of  ai  per  cent.,  into  its  elements,  H2-}-  la  ^  ^  2HI.    The  reaction  is  never 

complete,  and  is  reversible. 

5.  Mass  Action. — ^The  result  of  chemical  interaction  depends  not  only  upon 
amnity  but  also  on  the  relative  masses  of  the  substances  participating.  Thus, 
hydrochloric  and  nitric  acids  are  more  volatile  than  sulphuric  acid,  hence  this 
expels  the  two  former  from  their  salts  ;  but  not  if  diluted  sulphuric  acid  is  employed. 
At  the  boiling-point  of  sulphuric  acid  (338**),  phosphoric  acid  is  not  volatile,  hence 
at  this  temperature  the  weaker  phosphoric  acid  will  expel  the  stronger  sulphuric 
acid  from  its  salts.  This  is  not  due  to  any  relative  greater  affinity  of  one  acid  over 
the  other  for  the  base,  but  because  of  its  subdivision  between  the  two  acids  being 
continually  upset  in  favor  of  the  phosphoric  acid.  The  active  mass  of  this  latter 
acid  increases  over  that  of  the  sulphuric  acid,  which  is  being  continually  removed 
from  the  reaction  because  of  its  volatility.  This  continues  until  all  of  the  sulphuric 
acid  has  been  replaced  by  the  phosphoric  acid. 

A  small  (quantity  of  potassium  chloride  is  decomf)osed  by  a  large  quantity  of 
bromine,  yielding  potassium  bromide  for  the  base,  although  chlorine  possesses  a 
far  greater  affinity  for  the  base  than  bromine.  Hence,  by  virtue  of  its  affinity 
alone,  one  substance  can  never  completely  expel  another  from  its  comp>ounds. 
These  considerations  are  embodied  in  the  Law  of  Mass  Action, — namely,  chemical 
effect  is  proportional  to  the  active  masses. 

Influence  of  Various  Forms  of  Energy  upon  Chemical  Affinity.— 

As  already  stated,  chemical  affinity,  or  attraction,  may  vary  not 
only  between  different  bodies,  but  also  under  the  influence  of  such 
forces  as  heat,  light,  and  electricity,  it  may  increase  or  decrease  in  in- 
tensity, or  cease  altogether  in  the  same  substance. 

Heat. — The  effect  of  temperature  change  upon  chemical  attraction 
may  be  threefold :  first,  at  very  low  temperatures  chemical  affinity 
is  so  feeble  that  to  all  appearances  it  practically  ceases;  second,  moderate 
temperatures,  as  a  general  rule,  assist  chemical  union;  third,  sufficiently 
high  temperatures  cause  a  breaking  up  of  chemical  compounds  into  sim- 
pler forms,  and,  finally,  if  very  intense,  into  their  elements  :  in  the  sun 
matter  is  present  only  in  its  elementary  state. 

For  example,  mercury  when  exposed  to  the  air  at  ordinary  temperature  under- 
goes but  little  change,  but  if  it  be  heated  to  near  its  boiling  pomt  (360®  C.)  it  readilv 
unites  with  the  oxygen  of  the  air,  forming  red  mercuric  oxide  (HgO) ;  if  this  tem- 
perature be  increased  to  400®  C,  further  attraction  between  these  elements  ceases, 
and  the  compound  decomposes  into  oxygen  and  mercury. 

Dissociation. — ^This  is  a  splitting  up  of  the  molecules  of  certain  chem- 
icals into   simpler  forms,  lasting  as  long  as  the  favoring  conditions  con- 


THEORETICAL  INTRODUCTION.  143 

tinue,  and,  when  they  cease,  the  products  of  dissociation  reiinite,  forming 
the  original  substance.  We  distinguish  between  dissociation  produced 
by  heat,  called  thermal  dissociation,  and  that  resulting  from  solution, 
called  hydrolytic  dissociation  (see  page  145).  Examples  of  the  former 
class  are  such  compotmds  as  ammonitmi  chloride,  which  through  heat, 
splits  up  into  ammonia  and  hydrogen  chloride  (NH^Cl^I^NHj  +  HCl) ; 
sulphuric  acid  spHts  into  water  and  sulphur  trioxide  (HjSO^  7"^  H^O  + 
SOj) ;  phosphorus  pentachloride  into  its  trichloride  and  chlorine 
(PClj^I^  PCI3  +  Clj)  ;upon  cooling,  the  dissociation  products  of  these  sev- 
eral compoimds  again  reunite.  The  reactions  are  reversible.  We  must 
distinguish  between  dissociation  and  chemical  decomposition,  where  the 
products  of  the  reaction  do  not  unite  upon  lowering  the  temperature. 
For  example,  potassium  chlorate  when  heated,  decomposes  into  potas- 
sium chloride  and  oxygen  (2KCIO3  =  2KCI  +  3O2),  mercuric  oxide  into 
mercury  and  oxygen.  This  phenomenon  of  dissociation  explains  why 
certain  chemicals  show  abnormal  density  when  attempting  to  determine 
their  molecular  weights.  Thus,  ammonium  chloride  should  show  (if  it 
did  not  dissociate)  a  density  of  26.555  (-^-^^i-i-),  but  in  practice  it  is 
found  to  be  only  half  this  ntmiber,  namely,  13.27+ ;  however,  if  we 
consider  that  the  salt  dissociates  into  ammonia  and  hydrogen  chloride, 
and  average  the  density  of  these  two  constituents,  NH3  =  8.465  and  HCl 
=  18.09,  we  get  13. 27  +  . 

The  density  of  sulphur  vapor  at  500°  C.  gives  this  element  an  atomic 
weight  of  96,  there  being  6  atoms  to  the  molecules;  at  1000°  C.  these 
more  complex  hexatomic  molecules  dissociate,  or  break  up  fiui;her, 
into  simpler  diatomic  molecules, — that  is,  the  molecule  contains  2  atoms, 
which  gives  the  accepted  atomic  weight  of  S  =  32. 

Light. — Like  heat,  light  also  exerts  an  important  influence  upon  chem- 
ical combination  and  decomposition,  varying  according  to  the  nature  of 
the  substance  of  elements  and  the  kind  of  light.  Such  reactions  are 
known  as  photo-chemical.  We  find  that  certain  gases  y  as  chlorine  deton- 
ating mixture  (chlorine  and  hydrogen) ,  may  be  made  to  combine  with 
explosive  violence;  liquids,  as  a  solution  of  chlorine  in  water  decomposes 
the  latter  into  hydrogen  chloride  and  oxygen  (Clj  +  Hfi  =  2HCI  +  O), 
and  solids,  as  white  phosphorus  changes  into  the  red  modification,  or 
cinnabar  (red)  turns  black  through  the  influence  of  light  energy.  The 
intensity  of  the  photo-chemical  reaction  depends  upon  the  kind  of  light, — 
that  is,  the  ultra-violet  rays,  consisting  oi  the  shortest  vibrations,  are 
the  most  active,  while  the  longer  infra-red  rays  are  far  less  so. 

Chemical  decomposition  of  aqueous  solutions  of  hydrogen  iodide  or 
bromide  readily  takes  place  on  exposure  to  light,  with  separation  of 
iodine  or  bromine,  (2HI  +  O  =  HjO  +  I).  The  yellow  iodide  of  mer 
cury,  under  like  conditions,  changes  to  a  dark  green,  the  light  having 
caused  a  separation  of  a  portion  of  the  mercury  from  the  iodine.  The 
decomposition  of  the  compounds  of  iodine  and  bromine  with  silver 
by  the  action  of  light  is  the  principle  upon  which  the  art  of  photography 
is  based. 
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The  influence  of  electrical  energy  upon  chemical  affinity  and  other 
processes  demands  special  consideration. 

ELECTRO-CHEMISTRY. 

Through  the  induction-spark  or  glectric  arc,  chemical  combination  as 
well  as  decomposition  may  be  brought  about;  this  is,  however,  in  all  prob- 
ability due  to  the  high  temperature  produced.  On  the  other  hand,  the 
galvanic  current  induces  chemical  decomposition  only.  Such  decom- 
positions are  termed  electrolytic  and  the  operation,  electrolysis  *  As  re- 
gards their  deportment  to  the  electric  current,  substances  may  be 
divided  into  the  following  classes  :  (i)  conductors  proper,  or  such  as 
conduct  the  current  without  decomposition,  as  metals,  alloys,  or  carbon; 
(2)  electrolytes,  or  substances  in  the  fluid  state  which  permit  the  passage 
of  the  current  while  undergoing  chemical  decomposition,  as  acids,  bases, 
and  salts  either  fused  or  in  aqueous  solution;  (3)  non-conductors,  which 
offer  great  resistance  to  the  passage  of  the  current,  as  pure  water,  aqueous 
solutions  of  most  organic  compounds  (excepting  well-defined  organic 
acids,  bases,  and  salts),  wax,  rubber,  or  glass. 

The  wires  which  carry  the  current  into  and  out  of  the  electrolytes 
are  termed  the  electrodes.  The  electrode  which  carries  the  positive  (-h) 
current  into  the  electrolyte  is  called  the  anode,  while  the  one  carrying 
the  negative  ( — )  current  is  the  cathode.  The  products  of  electrolytic 
decomposition,  known  as  ions,  appear  at  the  electrodes,  and  those  at- 
tracted to  the  anode  are  called  anions,  while  those  appearing  at  the 
cathode  are  the  cations.  These  ions  at  the  instant  of  their  liberation 
consist  either  of  elementary   atoms  or  atomic   complexes    (radicals); 

thus  Na  is  a  positive  sodium  ion,  CI  a  negative  chlorine  ion,  SO^  a  nega- 
tive bivalent  sulphate  ion,  and  PO4  a  negative  trivalent  phosphate  ion. 
The  plus  signs  indicate  positive  ions  and  their  ntunber,  the  relative 
electric  charge,  or  valence,  while  the  minus  signs  corresponding  negative 
ionization.  Upon  subjecting  various  compounds  (either  in  solution 
or  fused  state)  to  the  action  of  the  galvanic  current,  the  ions  of  the 
electrolyte  move  towards  the  electrodes,  the  metallic  elements  being 
attracted  to  the  cathode  and  are  therefore  electro-positive,  while  the 
non-metallic  elements  (as  O,  S,  I,  CI,  etc.),  as  well  as  their  complexes 

(as  SO4,  NO3,  OH,  etc.),  pass  to  the  anode  and  are  electro-negative. 
The  liberated  elementary  ions  (atoms  or  radicals) ,  as  soon  as  they  have 
lost  their  electrical  charge,  immediately  unite  to  form  molecules  or  react 
with  the  solvent  or  the  electrodes  (page  701). 

When  pure,  water  resists  the  electrolytic  action  of  the  strongest  cur- 
rents; however,   when   sUghtly    acidulated   with    sulphuric   or   hydro- 

*The  substance  to  be  electrolyzed  must  be  in  a  liquid  condition,  obtained 
either  by  solution  or  b>r  liquefaction.  It  must  be  a  conductor,  and  a  compound  one 
of  whose  constituents  is  a  metal. 
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chloric  add,  resistance  is  reduced  and  decomposition  takes  place  readily. 
Since  water  is  employed  as  the  solvent  in  solutions  of  chemicals,  their 
electrolysis  involves  the  simultaneous  decomposition  of  the  water. 
This  important  factor  must  not  be  overlooked. 

If  very  dilute  hydrochloric  acid  be  electrolyzed,  hydrogen  collects  at 
the  cathode,  and  no  chlorine  appears  at  the  anode,  but  in  its  stead  an 
eqtiivalent  amount  of  oxygen.  This  is  due  to  the  fact  that  the  water 
is  decomposed  by  the  chlorine  with  formation  of  hydrogen  chloride 
and  oxygen  which  is  liberated  at  the  anode.  Such  reactions  as  take  place 
between  the  products  of  electrolysis,  or  by  them  upon  the  solvent,  are 
known  as  secondary  reactions. 

Examples  : 

(i)  The  electrolysis  of  water  acidulated  with  hydrogen  chloride  or  hydrogep 
sulphate  : 

+  — 

(a)     4HCI        =        2Ha  (cathode)  -f  2CI2. 

(6)     2Cla    -f     2HaO        =        4HCI        -f        Oa     (anode). 

+  = 

(a)     2HSSO4        =        2Ha  (cathode)     -\-  2SO4. 

(6)     2SO4     4-     2HaO        =        2HaS04     +     Oa  (anode). 

(2)  In  the  electrolysis  of  a  solution  of  potassium  sulphate,  the  liberated  potas- 
sium cations  react  with  the  water  to  form  potassium  nydroxide,  while  the  SO4 

anions,  reacting  with  the  latter,  liberate  hydroxyl  (OH)  ions,  which  break  up  into 
water  and  oxygen.  So  the  filial  products  of  electrolysis  of  this  salt  would  be 
hydrogen  and  oxygen. 

(a)     KaSOi        =        Ka        -f-        504. 

(6)     Ka    -f     aHaO        =        2KOH     -h     Ha  (cathode) 

(c)  ^4    4-     2KOH        =        KaS04    -r    2HO. 

(d)  2HO        =        HaO        +         0  (anode). 
For  further  treatment  of  this  subject  see  page  701. 

Electrolytic  Dissociation  or  Ionization. — As  already  stated, 
pure  water  and  solid  electrolytes  do  not  conduct  the  electric  current, 
but  if  the  latter  are  dissolved  in  the  former,  then  the  water  becomes  a 
ready  conductor.  The  fact  that  exceedingly  weak  electric  currents 
decompose  stable  electrolytes,  when  dissolved  in  water,  suggested  the 
theory  (of  Arrhenius),  that  the  molecules  of  these  solids  have  already 
broken  up  into  ions  through  the  influence  of  the  solvent,  and  that  some 
of  these  ions  (the  metals)  are  charged  with  positive  and  others  (the  non- 
metals  and  their  radicals)  with  negative  electricity.  The  current  does 
not  decompose  the  dissolved  electrolyte  but  simply  exerts  a  selective 
influence  over  the  cations  and  anions, — that  is,  the  charged  atoms  migrate 

from  pole  to  pole,  the  negative  charged  cations  being  repelled  from  the 

10 
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negative  and  attracted  by  the  positive  electrode,  while  the  positive 
charged  anions  are  repelled  by  the  anode  and  attracted  by  the  cathode. 
Thus,  when  we  dissolve  sodium  chloride  (NaCl)  in  water,   it  splits  up 

into  sodium  (Na)  and  chlorine  (CI)   ions;  sulphuric  acid  into  hydrogen 

■i-  = 

(H)  and  sulphion   (SOJ  ions;    potassium  hydroxide   into    potassium 

+  — 

(K)  and  hydroxyl  (OH)  ions.    Since  these  ions  are  electrically  charged, 

they  remain  invisible  and  exist  in  water  without  acting  on  the  same. 
A  normal  soditmi  atom  decomposes  water  instantly,  while  the  electri- 
fied sodium  ions  (atoms)  are  indifferent  until  they  have  given  up  their 
positive  charge  at  the  cathode,  when  they  at  once  asstune  their  normal 
state.  The  electro-negatively  charged  chlorine  ion  is  colorless,  odorless, 
and  does  not  bleach ;  however,  as  soon  as  it  has  given  up  its  charge,  it 
assumes  its  yellowish-green  color,  odor,  and  bleaches.  Another  method 
of  ion  formation  is  shown  by  dipping  a  rod  of  iron  or  zinc  into  a  solution 
of  copper  sulphate  ;  the  copper  which  is  present  in  solution  as  positive 
ions  gives  up  its  charge  to  the  zinc  or  iron  atoms,  converting  them  into 
ions,  while  the  copper  passes  over  into  neutral  atoms.    Thus  : 

Cu  +  SO4  +  Zn  (or  Fe)  =  Zn  (  or  Fe)  -f  SO4  +  Cu. 

Electrolytic  dissociation  diflEers  from  thermal  dissociation  in  that 
compounds  under  the  latter  class  split  up  into  molecules  capable  of 
separate  existence  (NH^  CI  +  heat  =  NH3  +  HCl),  while  those  under  the 
former  break  up  into  atoms  or  atomic  groups  (ions),  electrically  charged 
and  known  only  in  solution.      (NH^Cl  =  NH^  cations  +  CI  anions.) 

The  products  of  thermal  dissociation  reunite  upon  lowering  the  tem- 
perature, while  those  of  electrolytic  dissociation  remain  in  this  state 
so  long  as  they  are  in  solution.  There  is  no  complete  recombination  of 
the  oppositely  charged  ions,  unless  the  solvent  be  removed,  owing  to 
their  relatively  great  separation  from  one  another  through  the  molecules 
of  water  which  act  as  insulating  agents.  The  degree  of  dissociation  and 
electrical  conductivity  increases  with  the  dilution  of  the  solution  of  the 
chemical.*  An  increase  in  the  percentage  dissociation  and  consequent 
electrical  conductivity  of  an  electrolyte  indicates  greater  chemical  activ- 
ity; also  different  ions  vary  in  the  relative  intensity  of  their  electro- 
affinity,  constituting  active  and  weaker  ions;  the  former  dissociate  more 
completely  and  yield  very  soluble  compounds,  while  the  latter  yield  less 
soluble  and  poorly  dissociated  ones.  For  this  reason  certain  acids  (as 
hydrochloric,  sulphuric,  and  nitric)  and  bases  (as  potassium  and  baritun 
hydroxides)  are  classed  as  being  strong, — that  is,  very  reactive, — while 

*  Kohlraxisch  found  the  following  numbers  for  sodium  chloride  : 

Concentration,  Molecular  Relative  number  of  Ions 

58.5  Grams  in  Conductivity.  }>er  loo  Molecalcsaf  Salt 

I  liter  69.5 67.5 

lo  liters  86.5 84.1 

100  liters  96.3 93*5 

1000  liters  100.8 98.0 

looQo  liters  ....,,..   ioa.9 xoo.o 
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others   are    known   as    weak  acids   (as  boric,    and    hydrocyanic)  and 
bases  (ammonium  and   ferric  hydroxides).* 

The  wet  reactions  of  analytic  chemistry  are  the  result  of  electrolytic  dis- 
sociation and   its  consequent  interchange  between   the  various   ions.     Thus, 

Na  -h  CI  -f  Ag  -h  NOa  =  AgCl  -f  Na  -}-  NO3. 

> ^ '  ^ , ' 

Owine  to  the  insolubility  of  the  compound,  silver  chloride,  precipitation  takes  place, 
therefore  all  silver  compounds  which  contain  a  silver  ion  are  detected  through  the 
addition  of  a  salt  containing  a  chlorine  ion,  or  the  reverse.  Most  organic  com- 
pounds which  contain  halogen  ions,  do  not  ionize  in  water,  hence  these  elements 
cannot  be  detected  by  the  addition  of  silver  nitrate.  Some  organic  solvents 
possess  this  ionizing  power  to  a  certain  extent — for  example,  formic  acid  to  75  per 
cent.,  methyl  alcohol  to  38  per  cent.,  and  grain  alcohol  25  per  cent,  that  of  water. 
Ionization  explains  why  we  cannot  detect  the  presence  of  chlorine  in  chlorates, 
or  in  the  compound  NaaPtCle  (hydrochlorplatinate  of  sodium),  for  the  former 
ionizes  into  the  complex  anions  ClOs  and  the  latter  into  the  anions  PtCU  and 
cations  Naa,  which  do  not  form  insoluble  salts  with  silver.  Electrolytic  dissocia- 
tion also  explains  why  such  poisonous  cations  as  Cu,  Ag,  and  Hg  become  less  or 
even  non-toxic  when  combined  with  various  more  or  less  complex  anions;  thus, 
mercuric  bromide  (HgBra)  is  less  active  than  the  chloride  (HgCla)  and  the 
cyanide  (Hg(CN)a)  is  worthless  as  an  antiseptic.  Potassium  cyanide  (KCN) 
is  a  powerful  poison  because  of  the  presence  of  the  very  toxic  cyanogen  (CN) 
ion,  while  anion  (FeCN)e  from  potassium  ferrocyanide  (K4Fe(CN)e)  is  non-toxic. 

Laws  Governing  Chemical  Combination. 

A  study  of  the  phenomena  of  chemical  action  demonstrates  that 
chemical  combination  invariably  takes  place  in  conformity  with  certain 
laws,  all  of  which  are  based  on  the  fundamental  principle  of  the  inde- 
structibility of  matter, — that  is,  the  sum  total  of  matter  resulting  from 
a  reaction  is  invariably  equal  to  the  sum  of  the  weights  of  all  substances 
entering  into  such.      (Lavoisier's  Law,  see  page  14.) 

Law  of  Definite  (Constant)  Proportions. — The  elements  com- 
bine with  one  another  in  definite  and  unalterable  proportions  by  weight. 
It  is  immaterial  by  what  method  prepared,  the  composition  of  a  chem- 
ical compound  is  invariably  the  same, — that  is,  it  is  made  up  of  the 
same  elements  in  the  same  relative  proportions  by  weight. 

For  example,  if  we  mix  sulphur  and  iron  irregardless  of  proportions,  we  will 

find  that  after  chemical  union  has  taken  place,  a  portion  of  either  the  one  or  other 

will  remain  uncombined,  but  if  they  be  mixed  in  the  proportion  of  their  atomic 

weights,  namely  55.5  parts  of  iron  and  31. 83  parts  of  sulphur,  we  will  find  that 

the  combination  is  perfect,  neither  iron  nor  sulphur  remaining.    Water,  regardless 

1 1;  88 
of  origin,  consists  invariably  of    i  part  of   hydrogen  and    7.94    {  —  ' — )  parts   of 

oxygen,  ammonia  of  x  part  of  hydrogen  and  4.643-}-  {  '       )  parts  of  nitrogen,  etc. 

♦  The  relative  strength  or  affinity  (reactive  ability)  of  various  acids  and  bases, 
based  on  degree  of  ionization,  have  been  tabulated  by  Kohlrausch  as  follows: 

Nitric  Acid 100         Sulphuric  Acid 49 

Hydrochloric  Acid 100         Phosphoric  Acid 25 

Hydrobromic  Acid       ....      89         Tartaric  Acid 5 

Hydriodic  Acid 70         Acetic  Acid 3 

Boric  Acid      *i 

Lithium  Hydroxide 100 

Sodium  Hydroxide 98 

Potassium  Hydroxide 98 

Ammonium  Hydroxide      ....       2 
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Law  of  Multiple  Proportions. — When  two  elements  unite  in  sev- 
eral different  proportions  by  weight,  the  higher  proportions  are  invariably 
simple  multiples  of  the  lowest. 

As  instances  of  the  application  of  this  law  the  fol  owing  examples 
are  cited  : 

Carbon  forms  two  compounds  with  oxygen  ;  the  combining  proportions 
are  parts  by  weight  :* 

Carbon.  Oxygen. 

Carbon  Mon-oxide  ...  12  parts,     16  parts  =  16  X  i  ~  CO. 
Carbon  Di-oxide  .   .    .   .  12      "        32     '*     =  16  X  2  =^  COa. 

Oxygen  forms  five  compounds  with  nitrogen  according  to  the  following 
proportions  by  weight : 

Nitrogen.      Oxygen. 

Nitrogen  Mon-oxide  .    .  28  parts,    16  parts  r=  16  X  i  =  NaO. 
Nitrogen  Di-oxide  ...  28    "        32     '*     =  16  X  2  =  NaOa. 
Nitrogen  Tri-oxide    .    .  28    **       48    '*      =  16  X  3  =  NaOs. 
Nitrogen  Tetr-oxide  .   .  28    '*       64     **      ==  16  X  4  =  NaO«. 
Nitrogen  Pent-oxide  .   .  28    "       80     *'     =  16  X  5  —  NaOs. 

It  must  be  distinctly  understood  that  only  whole  atoms,  and  not  frac- 
tions, can  combine.  Thus,  no  compound  can  be  formed  from  28  parts 
o  nitrogen  and  24  parts  (16  X  i^)  of  oxygen.  Any  quantities  above  or 
below  the  given  whole  multiples  do  not  combine,  but  remain  as  free 
oxygen  or  nitrogen. 

Laws  of  Combination  by  Volume. — The  proportions  in  which 
gaseous  volumes  enter  into  combination  were  first  determined  by 
Gay-Lussac,  who  formulated  the  following  law  of  two  clauses  : 

1 .  Tlie  ratio  in  which  gases  combine  by  volume  is  always  a  simple  one. 

2.  Tlie  volufne  of  the  gaseous  product  obtained  in  a  combination  bears 
a  simple  ratio  to  the  volumes  of  its  constituents. 

According  to  this  law,  one  volume  of  hydrogen  unites  with  one  volume  of  chlorine 
to  form  two  volumes  of  hydrogen  chloride  ;  two  volumes  of  hydrogen  unite  with 
one  volume  of  oxygen  to  form  two  volumes  of  steam;  three  volumes  of  hyxhx>gen 
with  one  volume  of  nitrogen  form  two  volumes  of  ammonia  gas.  If,  for  example, 
as  formerly  assumed,  1000  atoms  are  present  in  a  given  volume  of  hydrogen,  tnen 
an  equal  volume  of  chlorine  would  likewise  contain  1000  atoms,  and.  through 
their  union,  1000  particles  of  hydrogen  chloride,  occupying  the  same  volume  as 
the  two  gases,  would  result,  because  experiment  had  shown  that  equal  volumes  of 
the  two  gases  united  without  any  change  in  volume.  If  this  were  the  case,  it 
would  then  follow  that  one  volume  of  hydrogen  chloride  would  contain  half  as 
many  atoms  as  the  same  volume  of  the  simple  gases.  This  contradiction  of  facts 
and  the  law  formulated  by  Gay-Lussac  (1808),  was  later  reconciled  by  Avogadro 
(181 1 ),  who  proposed  that  a  distinction  be  made  hetweerKitoms  (indivisible  parti- 
cles) and  molcciues  (molecula  --  mass  particles),  and  that  gases  should  be  considered 
to  consist  of  molecules  which  are  the  smallest  constituent  particles,  and  these  in 
turn  being  made  up  of  atoms. 

Avogadro's  Hypothesis. — Equal  volumes  of  all  gases,  at  the  same 
tefnperature  and  pressure,  contain  an  equal  number  of  molecules. 


*  The  atomic  weights  of   carbon,  oxygen,  and  nitrogen  have  been  rounded  off 
for  the  sake  of  convenience. 
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According  to  Avogadro,  we  must  not  consider  the  union  of  chlorine 
and  hydrogen  to  be  a  direct  combination  of  their  atoms  (for  these  do 
not  exist  free),  but  an  exchange  of  atoms  between  the  different  mole- 
ctdes.  Thus,  one  molecule  of  hydrogen,  consisting  of  two  atoms,  reacts 
with  one  molecule  of  chlorine,  consisting  likewise  of  two  atoms,  to  form 
two  molecules  of  hydrogen  chloride  which  contains  just  as  many  mole- 
cules in  an  equal  voliune  as  hydrogen  and  chlorine. 
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In  a  like  manner,  one  molecule  of  oxygen  splits  up  into  two  atoms, 
each  of  which  imites  with  two  atoms  of  hydrogen  to  form  one  molecule 
of  steam. 
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In  the  case  of  ammonia,  each  one  atom  of  the  molecule  of  nitrogen 
unites  with  three  atoms  of  hydrogen  to  form  one  molecule  of  ammonia 
gas. 
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On  comparing  like  voltmies  of  hydrogen  and  oxygen,  we  find  that  the 
latter  is  15.88  times  heavier  than  the  former,  our  standard  unit.  Now  if 
equal  voltunes  of  these  gases  contain  an  equal  number  of  molecules  and 
each  simple  molecule  consists  of  two  atoms,  it  would  then  follow  that 
an  atom  of  oxygen  is  15.88  times  heavier  than  an  atom  of  hydrogen. 
Hence  the  atomic  weight  of  oxygen  would  be  1 5.88. 

Relation  of  Density  to  Molecular  and  Atomic  Weight. — Prom 
the  preceding,  we  may  stunmarize  as  follows : 

1.  Matter  is  made  up  of  exceedingly  minute  discrete  particles  called 
molecules,  which  in  turn  consist  of  still  smaller  parts  called  atoms, 

2.  Like  atoms  unite  to  form  simple  or  elemental  molecules,  while 
unlike  ones  form  compound  molecules. 

If,  according  to  the  laws  of  definite  and  multiple  proportions,  the  dif- 
ferent proportions  by  weight  in  which  elements  combine,  represent  the 
relative  weights  of  their  atoms  or  multiples  of  these,  and  these  same 
elements  combine  in  definite  and  simple  proportions  by  volume  (Gay- 
Lussac),  then 

3.  The  gas  densities  must  bear  the  same  ratio  to  one  another  as  their 
atomic  weights,  hydrogen  being  taken  as  unit. 
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For  example,  if  we  take  the  weight  of  any  given  volume  of  hydrogen  (at  760  mm. 
and  o**)  as  unit  for  comparison,  the  weights  of  the  same  volumes  of  the  various 
elementarjr  gases  (or  gasified  elements)  will  be  expressed  by  numbers  correspond- 
ing to  their  atomic  weights. 

Elements.                                                                   Density  ( H = i ) .  Atomic  Weight 

Hydrogen      i i. 

Oxygen      15.88 15.88 

Nitrogen i3-93 i3-93 

Sulphur 31-83 31-83 

Chlorine 35- 18 35- 18 

Bromine 79-36 79.36 

Iodine 125.90 125.90 

If  the  atomic  weight  of  hydrogen  is  selected  as  tinit  (i.ooo),  then  its 
molecular  weight  must  be  2.  If  the  density  of  any  other  gas  is  y^  then 
the  molecular  weight  of  this  gas  must  be  2y,  The  molecular  weights  of 
compound  molecules  are  obtained  by  adding  together  the  weights  of  the 
constituent  atoms.  That  of  hydrogen  chloride  (HCl)  would  be  i  +  35.18 
=  36.18.  Since  gas  densities  of  elements  are  equal  to  their  atomic 
weights,  those  of  compound  bodies  would  be  one-half  of  their  molecidar 
weight;   that  of  hydrogen  chloride  would  be  18.09  (^*t^*). 

4.  The  molecular  weight  of  any  substance  is  obtained  by  multiplying 
its  gas  density  (referred  to  hydrogen*)  by  2. 

Atomic  rw»r.«!»»/  Molecular 

Weights.  uensity.  Weights. 

Hydrogen H=i               i  Ha    =2 

Chlorine CI  — 35.18        35.18  CU    =    70.36 

Hydrogen  Chloride,  ....  ^8.00  HCl  =   36.18 

Oxygen O  =  15.88          15.88  Oa     =    31.76 

Hydrogen  Oxide 8.94  HaO  =    17.88 

Hydrogen  Sulphide.  ....  16.915  HaS  =   33.83 

Nitrogen N  =  13.93         13.93  Na     =   27.86 

Nitrogen  Hydride 8.465  NHs  =    16.93 

Phosphorus P  z=  30.77          61.54  P*      =  123.08 

Hydrogen  Phosphide ....  16.875  PHa  =   33-75 

The  number  of  atoms  contained  in  the  molecule  of  an  element  is  dependent  upon 
temperature.  At  lower  temperatures,  the  molecules  of  many  elements  in  the 
gaseous  state  are  more  or  less  complex,  while  at  higher  temperatures  they  dis- 
sociate into  simpler  ones.  For  example,  chlorine  has  a  density  of  31.18  at  200®, 
which  corresponds  to  Cla,  while  at  1560®  the  gas  density  is  23.1,  which  shows  that 
it  consists  of  61  per  cent,  of  Cli  molecules.  In  a  like  manner  iodine  dissociates,  and 
at    1500°   it   consists  almost  entirely  of    molecules  of  Ii.     At  500^  the  density 

of  sulphur  shows  that  the  iQ^ecule  consists  of  6  atoms  (S«),  while  at  1000°  it  is 
Sa. 

Oxygen,  nitrogen,  and  hydrogen  consist  of  diatomic  molecules  at  the  highest 
temperatures.  Tne  elements  potassium,  sodium,  zinc,  cadmium,  mercury,  helium, 
argon  and  neon  are  all  monatomic, — that  is,  the  molecular  and  atomic  weights  are 
identical.  The  densities  of  phosphorus  and  arsenic  indicate  the  presence  of  com- 
plex molecules;  at  313®  phosphorus  is  P4,  while  at  1700®  there  is  a  large  percentage 
of  Pa  molecules  present.  Arsenic  gas  at  644®  is  equivalent  to  As^,  while  at  1700® 
the  molecules  are  almost  all  Asa. 

Determination  of  Atomic  Weight. — ^The  atomic  weights  of.  a  few 
of  the  elements  may  be  determined  directly  (methods  a  and  b),  but  more 


*  If  oxygen  be  selected  as  standard,  with  an  atomic  weight  of  x6,  and  densities 
be  referred  to  molecular  weight  of  oxygen  (Oa  =  32),  then  the  values  for  density 
and  molecular  weight  will  be  alike. 
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usually  they  are  deducted  from  the  molecular  weights  of  the  various 
compounds  into  which  they  enter. 

These  are  usually  determined  as  follows: 

(a)  Vapor  Density  (seepage  34).  If  the  suhstance  or  one  of  its  compounds  can 
be  vaporized  without  dissociatmg,  the  density  of  its  vapors  (compared  to  hydro- 
gen) is  multiplied  by  2  —  moleciilar  weight. 

(6)  Specific  or  Molecular  Heat  (see  Law  of  Dulong  and  Petit) .  Since  the  molec- 
idar  heat  of  a  compound  is  equal  to  the  sum  of  the  atomic  heats  of  its  constituent 
elements,  we  have  a  ready  means  of  determining  the  atomic  heats  of  such  elements 
which  cannot  be  examined  in  the  vaporized  state. 

(c)  Lowering  of  the  Freezing  (congealing)  Point  (see  page  486).  Through  the  de- 
pression of  the  congealing  point  exerted  by  a  dissolved  sub^ance  upon  certain 
solvents,  we  obtain  figures  which  closely  approximate  their  molecmar  weights. 
Such  metals  as  zinc,  silver,  copper,  etc.,  when  dissolved  in  fused  tin,  produce  a 
corresponding  depression  for  each  in  the  congealing  point  of  the  latter. 

(d)  Lowering  the  Boiling  Point  of  Solutions  (see  page  487).  The  elevation  of 
the  boiling  point  of  certain  solvents  produced  by  the  addition  of  a  weighed  quantity 
of  a  soluble  substance  has  a  fixed  relation  to  its  molecular  weight  which  can  be 
readily  calculated. 

To  determine  the  atomic  weight  of  an  element  we  analyze  several 
of  its  compounds,  which  must  be  absolutely  pure, — ^that  is,  free  from  all 
foreign  elements  not  belonging  to  the  compound.  With  the  knowledge 
of  the  exact  per  cent,  of  each  of  the  elements  present,  the  smallest 
quantity  of  the  element  in  question  will  represent  its  equivalent  or  its 
atomic  weight.  The  atomic  weights  can  either  be  the  equivalent 
weights  of  the  elements  or  multiples  of  them.  In  order  that  we  may 
ascertain  whether  the  figures  obtained  represent  the  equivalent  or  atomic 
weights,  the  specific  heat  as  well  as  the  vapor  density  of  the  elements 
are  determined.  The  figures  obtained  closely  approximate  the  true  atomic 
weight.  In  addition,  a  knowledge  of  the  molecular  weight  (methods 
a,  c,  or  d)  of  a  compound  of  the  element  in  question  affords  us  a  direct 
means  for  confirming  the  above. 

Examples : — 

(a)  Hydrogen  chloride  contains  2.764  per  cent,  of  hydrogen  and  97.236  per  cent, 
of  chlorine.  Since  but  one  atom  of  each  of  the  elements  is  present,  and  the  ratio 
is  as  I  to  35.18  (2.76  :  97.236  :  :  i  :  «),  the  atomic  weight  of  chlorine  must  be 
35.18,  or,  knowing  the  molecular  weight  of  the  compound  tobe36.i8  (18.09  X  2)* 
and  that  one  atom  of  hydrogen  is  present,  then  36.18  —  i  =  35,18.  Shotdd  the 
element  not  combine  with  hydrogen,  we  analyze  Hs  compouild  with  another 
element  the  ratio  of  which  to  hydrogen  is  known. 

(6)  Sodium  chloride  (NaCl)  contains  39.4  per  cent,  of  sodium  and  60.6  per  cent,  of 
chlorine.  The  atomic  weight  of  chlorine  being  known  we  have  the  proportion, 
60.6  :  39.4  ::  35.18  :  x,  the  tuiknown  x  =^  22.88,  the  combining  weight  of  sodium. 
Since  one  atom  of  sodiiun  has  replaced  one  atom  of  hydrogen  in  hydrogen  chlo- 
ride (HCl),  the  combining  weight  figure  must  also  represent  the  atomic  weight. 
This  IS  confirmed  through  the  specific  heat  determination,  which  gives  us  figures 
closely  approximating  the  atomic  weight,  22.88. 

(c)  Sulphur  forms  with  hydrogen  the  compoimd  hydrogen  sulphide,  of  which 
94.088  per  cent,  consists  of  sulphur  and  5.912  per  cent,  of  hydrogen.  The  com* 
binin^;  ratio  of  the  two  is  i  to  15.915.  The  vapor  density  of  this  compound  shows 
that  its  molecule  is  16.915  times  as  heavy  as  a  molecule  of  hydrogen.  But  since 
the  molecule  of  hydrogen  consists  of  two  atoms,  then  the  molecule  of  hydrogen 
sulphide  would  be  ^16.915  X  2)  33.83  times  as  heavy  as  an  atom  of  hydrogen.  If 
this  compotmd  consists  of  one  atom  each  of  hydrogen  and  sulphur,  then  the  equiva- 
lent and  atomic  weights  of  sulphur  would  be  the  same,  namely  (V.i>^V)  ^5-9^5- 
This  is  impossible,  because  the  molecular  weight  is  33.83.   If  the  compound  consists 
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of  two  atoms  of  hydrogen,  then  the  atomic  weight  of  sulphur  would  be  (^^^H^) 
31.83,  which  corresponds  to  the  formula  H8S(2  +  31.83)  =33.83.  Analysis  of 
other  gaseoias  compounds  of  sulphur  has  demonstrated,  through  their  molectilar 
weights,  that  they  contain  not  less  than  3 1 .83  parts  of  sulphur  to  each  one  part 
of  hydrogen,  or  its  equivalent  in  another  element. 

Stochiometry. 

Stochiometry,  or  chemical  arithmetic,  is  based  on  the  fundamental 
laws  of  chemistry, — namely,  Lavoisier's  conservation  of  matter  and  Dal- 
ton's  laws  of  simple  and  multiple  proportion.  Since  chemical  formulae 
and  equations  are  made  up  of  symbols,  and  these  symbols  in  turn  rep- 
resent atoms  which  express  definite  weights  of  matter,  it  is  simply  a 
question  of  calculation  to  ascertain  the  percentages  of  each  element 
entering  into  the  composition  of  a  chemical  compound,  or  the  quali- 
ties of  the  chemicals  necessary  for  or  resulting  from  a  chemical  reaction. 

Percentage  Composition  Calculations. — In  order  to  ascertain  the 
percentage  of  each  of  the  elements  present  in  the  molecule  of  a  compound, 
we  first  determine  its  molecular  weight,  then  multiply  the  atomic  weight 
of  each  of  the  elements  by  the  number  of  atoms  present,  and  this  product 
by  100;  this  is  then  divided  by  the  molecular  weight  of  the  compound. 
Example  i. — Calculate  the  percentage  composition  of  stilphuric  acid, 
H,SO,. 

Hydrogen  (Ha)  =  atomic  weight      1.00X2    ~    2.00  molecular  weight. 
Sulphur       (S)  =       "       .  *•  31.83  X  I      -  31.83 

Oxygen       (O4)  =       *'  "  15.88  X  4    =  63.52 


11  II 


97-35 

2  X  100 
*  Hydrogen  in  100  parts  would  be =    2.054  pcr  cent. 


((      ti 


Sulphur  -  -  "    3I^«3_XJ2?  _  32.696 

Oxygen  "  *•  "    63.52  X  100  ^  ^  .,      ,, 

^*  ^^  100.000 

Example  2. — Find  the  percentage   of   Fe,  SO^,  and   H^G  in  ferrous 
sulphate  (FeSO,  +  7H2O). 

Atomic  or  Molecular  Wt.  Percentage. 

Fe  =  55.5  H-  276.01  X  100  =  20.109 
SO4  =  95.35  -5-  276.01  X  100  =  34-545 
7HaO    —  125.16      H-    276.01  X  100    =    45.346 

276.01  100.000 


*This  compound  is  made  up  of parts  of  H,  -^-^-  parts  of   S,  and  -^^ 

T  '^'^'?}J  97-^5  V*    ^  97.35 

parts  of  oxygen.     In  100  parts  we  would  have  as  many  parts  of  hydrogen  as 

H2SO4  :    Ha  :    :  100   :  :r,     of  oxygen  HiSOi  :    O4    :   :   100  :  x 
97.35  2     :   :  100   :  jr  97.35    :  63.52  :   :   100  :  jr 

97.35  ^  ^  2  X  100  97.35  X  =  63.52  X  100 

X  =  2.054  parts.  X  =  65.250  parts. 
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Molecular  Formula  Calculations. — If  the  composition  of  a  com- 
pound expressed  in  parts  by  weight  of  its  various  elements  or  groups 
of  elements  be  given,  the  relative  number  of  these  present  are  found  by 
dividing  the  per  cent,  weights   by   the  atomic  or  formula  weights. 

Example  i . — Given  the  analysis  of  ferrous  sulphate  expressed  in  per- 
centage of  Fe,  SO4  and  HjO,  what  would  be  its  formula?  Dividing  the 
given  percentages  by  their  respective  atomic  or  molecular  weights,  we 
obtain  the  ratios  in  which  these  are  present,  and  from  these  figures  the 
simplest  ratio  figures  are  obtained  by  dividing  by  the  lowest  number. 

Atomic  or 
Analysis.      Molecular  Wt.        Ratio.    Simple  Ratio. 

Fe     —    20.109    -H    55.5      —    0.3623    —    I 

SO4    =     34.545     -5-     95.35      -^     0.3623  I 

HaO  -    45.346    -5-    17.88    -^    2.5362    ---    7 

The  ratio  of  the  atoms  and  groups  would  then  be  Fe,  SO^,  and  (HjO)^, 
or  FeS0^.7H,0. 

Example  2. — It  frequently  occurs  that  fractional  numbers  are  obtained 
in  the  simplest  ratio.  In  such  a  case  it  is  necessary  to  multiply  both 
by  some  niunber  which  will  round  off  these  fractions  into  their  nearest 
whole  numbers.  Ascertain  the  formula  for  an  oxide  of  iron  after  follow- 
ing analysis : 

Analysis.        Atomic  Wt.         Ratio.  Ratio.    Final  Ratio. 

Fe  =    72.38    -r-    55.5      ■•---     1.304  I.OO      "    3 

O     =     27.62     -5-     15.88     —      1.74         -r      1.33     -^     4 

By  multiplying  fractional  ratios  by  3,  we  obtain  3  and  4  (3.99),  hence 
formula  would  be  FcjO^. 

Example  3. — In  many  instances  the  true  formula  of  the  compound  is 
a  multiple  of  that  calculated  from  the  analysis,  which  always  represents 
the  simplest  ratios  of  the  several  elements  present.  In  order  to  deter- 
mine which  of  the  several  possible  multiples  the  compound  represents, 
an  approximate  knowledge  of  its  molecular  weight  is  necessary,  and 
that  multiple  which  yields  a  figure  nearest,  is  selected. 

A  compound  yields  upon  analysis  39.971  per  cent,  of  carbon,  6.713 
per  cent,  of  hydrogen,  and  53.307  per  cent,  of  oxygen,  and  its  molecular 
weight  has  been  found  to  be  about  60,  what  is  its  formula  ? 

Percentage.  Ratia    Simple  Ratio. 

C     39.971     -5-     1 1.91     =     3.35        -      ' 
H     6.713     -5-       I.OO     —     6.71       -     2 

o  53.307  -^  15.88    -^  3.35    -     I 

100.00 

The  simple  formula  deduced  from  this  is  CHoO  with  a  molecular  weight 
of  29.79.  With  the  multiples  2  or  3,  the  molecular  weights  would  be 
(CjH^Oj)  59.58  and  (€311^03)  89.37.  Selecting  the  multiple  which  yields 
a  figure  nearest  the  found  molecular  weight  (60),  the  formula  would 
then  be  C^Hfi^. 

Equation  Calculations. — ^This  class  of  calculations  embraces  the 
estimation  of  the  quantities  of  the  various  substances  entering  into  or 
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resulting  from  a  chemical  reaction.  In  such  cases  it  is  first  necessary  to 
express  the  complete  reaction  with  the  molecular  weights  of  all  the 
substances.  Then  make  the  following  proportion.  As  the  molectdar 
weight  of  the  substance  given  in  the  equation  is  to  the  molecular  weight  of 
the  substance  required,  so  is  the  weight  of  the  substance  given  in  the  problem 
to  X,  the  weight  of  the  substance  desired.  Three  terms  of  the  equation 
being  given,  the  fourth  is  ascertained  by  multiplying  the  two  means 
(second  and  third  terms)  and  the  two  extremes  (first  and  fourth) ,  and 
dividing  the  product  containing  the  unknown  factor  (x)  into  the  other 
product.  The  first  and  third  terms  and  the  second  and  fourth  must 
always  be  of  the  same  denomination. 

Problem. — How  much  chloride  of  iron  (ferrous  chloride)  can  be  pre- 
pared from  loo  grams  of  iron? 

Equation  : 

Fe    -h    2HCI    =    FeCla    -j-    Ha. 
55-5  72.56  125.86  2 

Statement : 

Fe  (fn"'2i£t'SS)  :  Feci.  (^^^)  :  :  Fe  (f^'g^.S!)  =  FeCI.  U^^^ta) 

55-5                       125.86  100                             ^r 

55-5  ^    =  125.86  X  100 

55-5  •«■    =  12586. 

x-    =  226.7-}-  grams. 

Therefore,  226.7+  grams  of  ferrous  chloride  can  be  prepared  from 
100  grams  of  iron. 

Problem. — How  many  grams  of  iron  are  necessary  for  the  produc- 
tion of  100  grams  of  ferrous  chloride?  If,  according  to  the  above 
equation,  55.5  parts  of  iron  are  necessary  for  the  production  of  125.86 
parts  of  its  chloride,  then  44.09+  grams  of  iron  would  be  necessary 
for  the  preparation  of  100  grams  of  chlorides,  for 

Fe  :    FeCla    :  :    Fe    :    FeCIa 
55.5        125.86  jr  100 

125.86  ;r  —       55.5    X      ic» 

;r  -=     44.09+  grams. 

Problem. — How  much  sodium  chloride  is  necessary  for  the  preparation 
of  1000  grams  of  hydrochloric  acid,  U.S. P.? 

Since  the  U.S. P.  acid  is  an  aqueous  solution  containing  31.9  per  cent, 
of  dry  hydrochloric  acid  gas,  then  in  order  to  prepare  1000  grams  of  this 
solution  it  will  be  necessary  to  pass  319  grams  of  the  gas  through  681 
grams  of  water. 

(31.9  per  cent,  of  1000  -  319.        1000  —  319  =  681.) 

The  question  now  reads,  How  much  sodium  chloride  is  necessary 
for  the  preparation  of  319  grams  of  dry  hydrochloric  acid  gas?  This 
gas  is  prepared  according  to  the  following  equation  : 

NaCl     4-    HaSO«    =    NaHSOi    -f    HCl. 

Sodium  Sulphuric  Sodium  Acid      Hydrochloric 

Chloride.  Acid.  Sulphate.  Acid  Gas. 

58.06  36.18 
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If  58.06  grams  of  sodium  chloride  are  necessary  for  the  produc- 
tion of  36.18  grams  of  gaseous  hydrochloric  acid,  then  for  the  prepa- 
ration   of    319  grams  of  the   gas   51 1.9+  grams  of    the  salt  will  be 

required,  for 

HCl   :  NaCl   :   :   HCl   :  NaCl. 
36.18      58.06  319  X 

36.i8jr    =    58.06      X      319 

jT    =  511.9-I-  grams  of  NaCl. 

Therefore,  for  the  preparation  of  1000  grams  of  U.S. P.  hydrochloric 
acid,  511.9+  grams  of  sodium  chloride  and  681  grams  of  water  are 
necessary. 

Problem, — How  much  sodium  chloride  is  necessary  to  liberate  10 
grams  of  iodine  from  sodium  iodide? 

The  reactions  involved  are  as  follows  : 

4NaCl    +    4HaS04    =    4NaHS04    +    4HCI 

4HCI     +    MhOq    =    MnCla    -h    2HaO    -f     Cla 
Cla    -f    2NaI    =    2NaCl    -h    I2 

According  to  the  above  : 


4NaCl 

=        Cla       = 

4NaCl 

-        la 

2NaCl 

--        I 

2  X  58.06 

125.9 

Since  125.9  grams  of  iodine  are  liberated  by  1 16.12  (2  X  58.06) 
grams    of    sodiiun   chloride,   then    10    grams    of    iodine  will   require 

*-     X   10  =  0.223+  grams  of  sodium  chloride. 

125.9 

Problem, — How  many  liters  of  hydrogen  gas  can  be  obtained  by  the 
action  of  sulphuric  acid  on  100  grams  of  zinc?  * 

Equation : 

Zn       -f        HaSOi        =^       ZnSOi        +        Ha. 
64.9  2 

If  Zn        :        Ha        :  :        Zn        :        Ha 

64.9  2  100  jr 

64.9  ;r  =  2  X  100.  Jtr  =  3.081+  grams  of  hydrogen. 

The  next  question  that  arises  is  to  convert  this  3.081+  grams  of 
hydrogen  gas  into  voltune  liters.  Since  one  liter  of  dry  hydrogen  at 
standard  temperature  (0°  C.)  and  pressure  (760  millimeters)  weighs 
0.08995  gram,  3.081+  grams  would  measure  34.25+  liters,  according 
to  the  following  proportion  : 


Weight 

volume 

m       • 
•        • 

weight           : 

volume 

0.08995  gram 

I  liter 

3.081-}-  grams 

X 

0.08995  ;r 

3.081-h      X      I 

X 

— 

34.25-h  liters 

*  It  is  understood  that  the  reaction  is  carried  on  in  the  presence  of  water. 
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..    Therefore,  loo  grams  of  zinc  yield  34.25+  liters  of  hydrogen  gas. 

Measurement  of  Gases. — Calculations  involving  volume  corrections 
for  variations  in  temperature,  pressure,  and  vapor  tension. 

1.  Effect  of  Temperature  on  Volume  : 

According  to  the  law  of  Charles  (page  56),  gases  increase  or  decrease  ^It 
(0.00367)  of  their  volume  for  each  i^  C.,  or  273  volumes  at  o®  increase  i  volume 
for  every  i®. 

Thus,  273  volumes  of  a  gas  at  o®  measure  at  i®  C.  273  -}-  i  volume 
273         "  "  ••         ••  5<»  C.  273  -i-  5  volumes 

273        ••  t**  C.  273  4-  t 

273        *•  ••  "         **  T»C.  273  +  T      *• 

If  V  represents  any  given  volume  of  a  gas,  and  V  the  new  volume 
resulting  from  the  temperature  change  from  f^  to  T*,  then 

273    t    t<> 

Problem. — What  will  be  the  volume  of  100  cc.  of  a  gas  if  heated  from 
10^  to  30°  C? 

^      _,     TOO  (273  +_3o)      _^     100  X_303     _  ^^ 

273    :    10  283 

Therefore  100  cc.  of  a  gas  at  10°  will  measure  107.064-  cc.  at  30*^  C. 
Problem, — What  will  be  the  volume  at  25**  of  44.5  cc.  of  nitrogen 
dioxide  (U.S. P.,  p.  577)  when  measured  at  32®  C? 

V      _:     44-5  (273  J.  25)      .^     44._5.X^^     .___     ,^,^^(,^  ^, 
273     1     32  305 

Therefore  44.5  cc.  of  N^Oj  at  32°  C,  measures  43.476+  cc.  at  25°  C. 

2.  Effect  of  Pressure  on  Volume  : 

According  to  Boyle's  law  (page  36),  the  volume  of  a  gas  varies  inversely  as  the 
pressure,  hence  the  volume  (v)  of  a  gas  multiplied  by  the  pressure  (p)  upon  it, 
IS  equal  to  its  new  volume  (V)  multiplied  by  its  new  pressure  (P), — that  is," 

VP     .  t'/>     or     V    -  ^^ 

Problem. — What  would  be  the  volume  of  43.48  cc.  of  nitrogen  dioxide 
(U.S.P.,  p.  577)  measured  at  590  mm.  pressure,  calculated  to  the  normal 
pressure  of  760  mm.? 

V     -     %         V     =     ^^•^^6^-5-'°     --=     33.7s  cc. 

Therefore  43.48  cc.  of  N.^©.^  at  590  mm.  pressure  will  measure  33.75  cc. 
at  760  mm.  pressure. 

3.  Effect  of  both  Te.mperature  and  Pressure  on  Volume  : 

If  both  temperature  and  pressure  are  changed,  we  combine  formtdas 

I  and  2.    Thus, 

_    i;(273  -fTO)  p 

~        273   f  i""       ^    P* 
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Problem. — ^What  will  be  the  corrected  volume  of  44.5  cc.  of  nitrogen 
dioxide  at  25*^  C.  and  760  mm.  when  measured  at  32°  C.  and  a  pressure 
of  770  nmi.? 

V    =    4^5(2734-25)    X    ^4^    =    44.05+  cc. 
273  +  32  760 

Therefore,  44.5  cc.  of  NjO^  at  32°  C.  and  770  mm.  will  measure  44.05+ 
cc.  at  25**  C.  and  760  mm. 

4.  Effect  of  Temperature,  Pressure  and  Vapor  Tension  on 
Volume  : 

When  gases  are  measured  over  water  (as  in  assay  of  ethyl  nitrite)  they  become 
saturated  with  water-vapor,  which  causes  an  expansion  of  the  gas  with  its  increase 
in  temperature.  Hence  the  pressure  of  the  water- vapor  (page  63)  at  the  tempera- 
ture ot  observation  must  be  deducted  from  the  prevaihn^  atmospheric  pressure 
in  order  to  find  the  actual  pressure  to  which  the  gas  is  subjected. 

y  (27'l)  p—W 

V    =    —     ;^o    X       p  tu  ■=  vapor  tension  of  water  at  given  temperature. 

273  -\-  t  r 

Problem, — Referring  to  the  preceding  problem  3,  what  would 
be  the  volume  of  dry  nitrogen  dioxide,  if  it  measured  44.05  +  cc.  over 
water  at  25°  C.  and  760  mm.? 

The  vapor  tension  of  water  at  25®  C.  =  23.6  mm.  (see  table,  page  63). 

44.05  (273)    w     760—23.6     _    44.05  (273)  736.4     _ 

V   =    ^nV^s    ^   —76^—   -     -298--      X      760-    -    39.09+ cc. 

Therefore,  44.05  cc.  of  N^Oj  measured  over  water  at  25**  C.  and  760 
mm.  correspond  to  39.09+  cc.  of  the  dry  gas  at  same  temperature  and 
pressure. 


> 


CHAPTER  II. 


HYDROGEN. 


Symbol^  H. 


Atcfnic  Weighty  i. 


Valence^  1. 


History. — ^That  an  inflammable  gas  is  generated  through  the  action 
of  certain  acids  upon  iron,  was  known  to  Paracelsus  (1493-1541).  This 
gas  was  confused  with  various  other  inflammable  gases  until  the  investi- 
gations of  Cavendish  (1766),  who  established  its  elementary  character 
and  named  it  "inflammable  air.'*  Lavoisier,  some  years  later,  proposed 
the  name  hydrogen,  which  has  met  with  general  acceptance. 

Occurrence. — Hydrogen,  one  of  the  most  widespread  of  our  elements, 
occurs  in  the  free  state  in  certain  volcanic  gases,  in  pockets  of  the  carnal- 
lite  deposits  of  the  Stassfurt  mines,  in  the  natural  gas  of  our  oil  regions, 

in  the  gaseous  envelope  of  the  sun,  fixed  stars,  and  nebulae. 
In  combination,  hydrogen  forms  one-ninth  of  the  water  of 

Othe  globe,  and  is  a  constituent  of  nearly  all  organic  matter. 
Preparation. — (i)  By  the  decomposition  of  %vater  with  the  elec- 
tric current.  The  addition  of  one  part  sulphuric  acid  to  one 
hundred  parts  of  water  assists  the  process  hy  making  the  latter 
a  better  conductor.  The  products  of  the  reaction  are  two  vol- 
umes of  hydrogen  (which  collects  at  the  negative  electrode)  and 
one  volume  of  oxygen  (which  collects  at  the  positive  electrode), 
according  to  the  following  : 


Fig.  89. 


2HaO 


2H2    +   Oa. 


(2)  By  tlie  decoinposition  of  water  with  certain  tnetals. 

a. — At  ordinary  temperature  with  the  alkali  metals,  as  sodium 
or  potassium.  When  a  small  piece  of  potassium  is  thrown  on 
water,  chemical  action  takes  place  at  once  :  the  metal  melts, 
and  floats  about  enveloped  in  a  flame  of  hydrogen,  which 
ignites  spontaneously  from  the  heat  of  the  action.  The  flame 
is  of  a  violet  color,  imparted  by  the  volatilization  of  metal. 

Sodium  does  not  react  so  violently  with  the  water  as  to 
cause  ignition  of  the  escaping  hydrogen,  unless  it  be  held  in 
one  spot  by  placing  it  on  a  piece  of  filter  paper,  when  sufficient 
heat  IS  developed  to  ignite  the  gas,  which,  in  this  case,  bums 
with  a  yellow  flame,  the  resulting  solution  being  strongly  alkaline. 


Naa 

Sodium. 


+ 


2H9O 
Water. 


2NaOH        +        Ha. 

Sodium  Hydroxide.        Hydrogen. 


Preparation  of  hy- 
drogen by  decomposi- 
tion of  water.  .  ,  •  «  . 

b. — At  htgh  temperature  with  such  metals  as  iron,  zmc,  and 

nickel.  If  the  vapor  of  water  be  passed  through  a  tube  containing  any  of  the  above 
finely  divided  metals  heated  to  redness,  thev  combine  with  the  oxygen  of  the  water 
vapor,  forming  an  oxide  of  the  metal,  while  the  hydrogen  passes  off  and  may  be 
collected  over  water. 

Zn         -\-        H2O        ---        ZnO  -j-         Ha. 

Zinc.  Steam.  Zinc  Oxide.  Hydrogen. 

3Fe        4-        4HaO        =       FeaO*        +        4Ha. 

Iron.  Steam.  Ferroso-ferric  Hydrogen. 

Oxide. 
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(3)  Byfht  aetion  of  dUuie  acids  on  cerlair 
Zn        +         HsSO«        = 

Zinc.  Sulphuric 


metals,  usualiy  iron  a< 
ZnSO.      +     Hs. 

Hydrogen. 


Sulphuric  acid  may  be  substttut«d  by  hydrochloi 
Iron,  however,  does  not  yield  as  pure  a  gas  as  zinc, 
i  in  purities  contained  in  it. 

The  above  reaction  progresses  satisfactorily  only  in  the  presence  of.  water, 
which  dissolves  the  zinc  sulphate  formed,  and  prevents  its  collecting  on  the  metal 
and  retarding  the  further  action  of  the  acid.  When  chemically  pure  zinc  is  used 
the  action  at  first  is  very  slow,  but  by  the  addition  of  a  drop  or  two  of  platinic 
chloride  solution  a  galvanic  action  is  established,  which  causes  a  rapid  evolution 
of  the  gas. 

(4)  By  the  action  of  concentrated  solutions  of  the  alkali  hydroxides  on  certain 
tuetals,  as  sine,  aluminum,  magnesium  or  iron  (finely  divided).  It  is  usually 
necessary  to  apply  heat  to  assist 


iNaOH        ^    Zn(ONa)« 

um  Hydroiide.      Sodium  Zincatc. 

+          Ha. 

6K0H        =    2Al(OK)s 

+        3Hi 

Hydrogfi. 

With  magnesium  and  aluminum  the  action  takes  placi 

The  gas  as  it  escapes  from  the  generator  should 

traces  of  air  have  been  removed   from  the  apparatus. 


at  ordinary  temperature. 
never  be  ignited  until  all 
This  may  be  ascertained 


by  collecting  a  tes 
as  long   as   any  a 

All  the  foregoing  chemical  processes  yield  a  gas  more  or  less  impure.      In  order 
to  obtain  perfectly  pure  hydrogen,  it  should  be  passed  through  a  solution  of  lead 
e.  to  remove  hydrc^en  sulphide  ;  through  a  solution   of  silver  sulphate,  to 
e  hydrogen  phosphide  and  arsenide;  through  potassium  hydroxide  solution, 
free  acid  ;  and,  finally,  over  calcium  oxide  to  remove  moisture. 

Physical    PropertieB. — Pure  hydrogen  is  an  odorless,  colorless,  and 
tasteless  gas.      It  is  the  hghtest  substance  known  :  one  Hter  at  o**  and 
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760  mm.  atmospheric  pressure,  weighs  0.08995  gram  (one  crith),  indicat- 
ing a  specific  gravity  of  0.0695  when  air  equals  i.ooo,  or  in  the  proportion 
of  I  to  14.42.  On  comparing  the  weights  of  like  volumes  of  oxygen  and 
hydrogen  at  0°  and  760  mm.  pressure,  the  ratio  is  15.88  to  i,  or  16  to 
1.0075.  Owing  to  its  lightness,  hydrogen  may  be  collected  by  "upward 
displacement,"  by  simply  holding  a  receiver  over  a  tube  from  which  the 
gas  is  escaping;  or,  in  view  of  its  insolubility,  it  may  be  collected  over 
water. 

The  great  diffusibilit^pf  hydrogen  is  one  of  its  most  prominent  char- 
acters, it  bein;^  fOiiT'times  as  diffusible  as  oxygen  and  3.8  times  that  of 
air  ;  hence  this  gas  can  be  kept  only  in  absolutely  non-porous  vessels. 

Hydrogen  may  be  converted,  by  a  pressure  of  180  atmospheres  and  a 
temperature  of  — 205°  C,  produced  by  the  vaporization  of  liquid  air  in  a 
vacuum,  into  a  steel-blue  liquid,  and  on  suddenly  releasing  this  pressure, 
the  vaporization  of  the  liquid  is  so  rapid  that  the  intense  cold  thus  pro- 
duced converts  a  portion  of  the  escaping  liquid  into  solid  particles,  which 
almost  instantly  disappear.  The  critical  temperature  of  hydrogen  gas 
is  about  — 242°  C.  (Dewar),  while  its  critical  pressure  is  only  15 
atmospheres.  Liquid  hydrogen  boils  at  — 252°  C.  which  is  only  21** 
above  absolute  zero  — 273**  C).  The  lowest  temperature  reached 
is  — 257°,  which  was  attained  through  the  rapid  vaporization  of  liquid 
hydrogen  in  vacuo. 

Certain  metals,  like  platinum  and  palladium,  possess  the  peculiar 
property  of  absorbing,  under  certain  conditions,  hydrogen  gas,  the 
phenomenon  being  termed  occlusion.  For  example,  palladium  when 
heated  to  100°  C.  and  cooled  in  an  atmosphere  of  hydrogen,  will  absorb 
over  982  volumes  of  this  gas;  or  when  this  metal  serves  as  the  cathode 
for  the  electrolysis  of  water,  it  absorbs  900  volumes  of  hydrogen.  Plat- 
inum in  the  spongy  state  will  absorb  310  volumes  of  hydrogen. 

Chemical  Properties. — Under  ordinary  conditions,  hydrogen  shows 
but  little  affinity  for  other  substances,  owing  to  the  firm  linkage  between 
both  atoms  forming  the  molecule,  considerable  energy  being  necessary  to 
bring  about  a  cleavage.  At  elevated  temperature  or  in  the  nascent  state, 
its  behavior  is  quite  the  reverse.  Hydrogen  is  combustible  and  bums 
with  a  non-luminous  but  intensely  hot  flame,  combining  with  the  oxygen 
of  the  air  to  form  water.  The  temperature  produced  through  the  com- 
bustion of  I  gram  of  hydrogen  is  sufficient  to  raise  345  grams  of  water  at 
0°  C.  to  the  boiling-point;  or  the  temperature  of  the  oxy-hydrogen 
flame  (page  191),  which  is  about  2500^  C,  is  exceeded  only  by  that  of 
the  electric  furnace. 

The  great  affinity  of  hydrogen  for  oxygen  may  be  further  illustrated 
by  mixing  two  volumes  of  the  former  with  one  of  the  latter  and  applying 
a  flame,  when  union  of  the  two  gases  will  take  place  with  a  violent  explo- 
sion. The  same  occurs  when  air,  in  larger  volume,  is  used  instead  of 
oxygen,  hence  the  importance  of  having  all  the  air  driven  out  of  a  genera- 
tor before  attempting  to  ignite  the  escaping  gas.  When  a  current  of 
hydrogen  is  directed  upon  a  mass  of  finely  divided  platiniun  (platinum 
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sponge),  the  latter  becomes  incandescent.  This  phenomenon,  which  is 
an  evidence  of  chemical  reaction,  is  due  to  the  fact  that  oxygen,  which  is 
occluded  in  the  finely  divided  metal,  combines  readily  under  these  con- 
ditions with  the  hydrogen,  while  the  platinum  tmdergoes  no  chemical 
change.  Certain  other  metals  as  well  as  chemicals,  deport  themselves 
similarly.  Such  chemical  reactions  that  take  place  through  the  agency  of 
a  third  substance,  which  itself  undergoes  no  chemical  change, — that  is, 
does  not  pass  into  the  products  of  the  reaction, — are  termed  catalytic. 
Those  substances  which  accelerate  such  chemical  reactions  through 
their  presence,  are  called  catalytic  agents,  or  catalysers.  The  process  is 
termed  catalysis  (seepage  i86).  With  chlorine  or  the  other  halogens, 
hydrogen  combines  even  more  readily  than  with  oxygen,  but  with  most 
other  non-metals  it  does  not  unite  directly  unless  in  the  nascent  state. 

The  affinity  of  hydrogen  for  the  halogens  decreases  in  proportion  to 
their  increase  in  atomic  weight.  Thus,  fluorine  combines  with  hydrogen 
in  the  dark  with  explosive  violence,  while  chlorine  requires  the  aid  of 
direct  sunlight ;  with  bromine  a  temperature  of  200^  C.  and  sunlight  are 
necessary,  while  iodine  and  hydrogen  combine  directly  with  some  diffi- 
culty, and  the  resulting  compound  is  quite  unstable.  The  gaseous  ele- 
ments, at  the  moment  of  their  generation  {statu  nascendi)  act  more 
energetically  than  after  their  liberation,  for  the  reason  that  this  nascent 
or  specially  active  state  represents  the  element  in  its  atomic  condi- 
tion.— that  is,  before  the  atoms  have  united  to  form  molecules. 

While  in  this  nascent  state,  hydrogen  gas  is  capable  of  reducing  com- 
potinds  of  a  higher  state  of  oxidation  {-ic)  to  a  lower  {-ous),  or  metallic 
oxides  or  chlorides  to  their  metals,  also  of  converting  compounds  free 
from  hydrogen  into  ones  containing  this  element.  Such  reactions,  in 
which  a  part  or  all  of  the  electro-negative  element  of  a  compound  is 
removed,  are  termed  fediicing,  and  the  substance  which  accomplishes 
this  a  redticing  agent. 

Thus  on  adding  zinc  or  iron  filings  to  a  solution  of  the  following  chemi- 
cals in  dilute  hydrochloric  or  sulphuric  acid,  reduction  takes  place  as 
follows  : 

Ha        =        2FeCl2  +      2HCI. 

Hydrogen.         Ferrous  Chloride.         Hydrochloric  Acid. 


(l)      2FeCl8         + 
Ferric  Chloride. 


(2)  HaSOs       -f 

Sulphurous  Acid. 

(3)  AsaOs        -f 

Arsenous  Oxide. 


3Ha 
Hydrogen. 

6Ha 
Hydrogen. 


(4)      FeS  -h      HaSO* 

Ferrous  Sulphide.       Sulphuric  Acid. 


3HaO 
Water. 

=  2AsH8 

Arsenous  Hydride. 

=         FeSOi 


f        HaS. 

Hydrogen  Sulphide. 


-h 


3HaO. 
Water. 

HaS. 


Ferrous  Sulphate.        Hydrogen  Sulphide. 


Hydrogen  occluded  in  metals,  as  Pd  and  Pt,  is  more  active  than 
**  nascent  hydrogen,"  often  causing  combination  with  explosive  violence. 
When  palladium  hydrogen  is  added  to  solutions  of  such  metals  as  Ag, 
Au,  Cu,  Hg,  etc.,  the  metals  are  precipitated;  femV  solutions  are  reduced 
to  ierrouSt  chromic  to  chromous,  and  chlora/^5  to  hypochlorites. 
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In  Equation  3  the  arsenous  oxide  is  reduced  to  the  metallic  state  which 
immediately  combines  with  the  nascent  hydrogen  to  form  a  hydride. 

In  Equation  4  the  acid  reacts  with  the  iron  sulphide,  liberating  nascent 
hydrogen,  which  unites  with  the  sulphur  atom  to  produce  hydrogen 
sulphide. 

Hydrogen  in  its  ordinary  (molecular)  state  possesses  reducing 
properties  through  its  affinity  for  such  electro-negative  elements  as 
oxygen,  sulphur,  chlorine,  etc.  In  such  cases  the  compound  to  be  re- 
duced is  heated,  while  a  current  of  hydrogen  is  passed  over  it.  Thus, — 


(i )      FeaOa         + 
Ferric  Oxide. 

3H2 

=        3H9O 

-L           Fe. 

Redaced  Iron. 

(2)       CuO           -f 
Cupric  Oxide. 

Ha 

=           Cu 

Copper. 

4-         H«0. 

(3)     Sb»S»         + 

Antimony  Pentasulphide. 

2H2 

-        2HaS 

-h        SbaSs. 

Antimony  Trisalphide 

(4)      FeaCIe         4- 
Ferric  Chloride. 

Ha 

=       2FeCIa       +         2HCI. 

Ferrous  Chloride. 

Uses. — Hydrogen  has  comparatively  few  uses  in  the  free  state.  It  is 
employed  for  filling  balloons,  although  illuminating  gas,  which  contains 
about  50  per  cent,  of  hydrogen,  is  more  generally  preferred  because  of  its 
cheapness.  As  a  constituent  of  natural  gas  and  water-gas,  it  is  useful  on 
account  of  its  great  heating  power.  In  the  nascent  state  it  is  a  valuable 
laboratory  agent  in  the  preparation  of  many  chemical  compounds. 
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Symbol,  CI. 


THE   HALOGENS 
CHLORINE,  BROMINE,  IODINE,  FLUORINE. 

CHLORINE. 

Aiomic  Weight,  35.18. 


Valence,  I. 


Fig.  91. 


History. — Chlorine  was  first  prepared  by  Scheele,  in  1774,  while 
experimenting  with  ** black  magnesia"  (an  ore  consisting  largely  of 
manganese  dioxide)  and  hydrochloric  acid, 
but  its  elementary  character  was  first  estab- 
lished by  Davy,  in  180 1,  who  gave  to  it  the 
name  of  chlorine  on  account  of  its  green- 
ish-yellow color. 

Occurrence. — Chlorine  does  not  occur 
in  the  free  state  in  nature,  but  is  found 
abundantly  in  combination  with  sodium, 
in  sea  water,  and  in  the  salt-wells  of  the 
United  States;  also  as  rock-salt  in  the 
mines  of  Austria,  Spain,  and  Bavaria,  all  of 
which  have  been  worked  for  centuries.  It 
is  also  found  in  certain  *'hom"  minerals, 
combined  with  lead,  silver,  or  mercury. 

In  the  vegetable  kingdom  chlorine 
is  not  very  abundant,  but  in  the  ani- 
mal kingdom,  combined  with  sodium, 
it  is  found  more  abundantly,  being  a  con- 
stituent of  most  animal  secretions. 
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Preparation^ — Chlorine  may  be  prepared  by 
number  of  different  processes,  as  follows  • 

(i)  By  the  electrolysis  of  hydrochloric  acid  or  of  chlorides,  the  chlorine  gas  being 
liberated  at  the  anoide. 

(2)  Through  the  oxidation  of  hydrochloric  acid  by  means  of  certain  higher  metallic 
oxides. 

(a)  Heating  a  mixture  of  hydrochloric  acid  and  manganese  dioxide. 


MnOa 

-r        4HCI 

MnCl2 

Manganese 

Hydrochloric 

Mani^nous 

Dioxide. 

Acid. 

Chloride. 

2HaO 


-\- 


Cla. 

Chlorine. 


The  liberated  gas  is  usually  collected  by  "downward  displacement,"  as  illustrated 
in  Fig.  01. 

Care  should  be  taken  to  mix  the  acid  thoroughly  with  the  |K)wder,  to  prevent 
any  of  the  latter  from  remaining  unmoistened  on  the  bottom  and  causinjj  micture 
of  the  flask  on  the  application  of  heat.  The  oxide  should  be  in  excess  of  the  acid, 
and  heat  should  not  be  applied  for  some  minutes  after  they  are  mixed,  or  the  re- 
sulting gas  will  be  contaminated  with  hydrochloric  acid.  As  an  additional  precau- 
tion it  has  been  recommended  to  use  the  oxide  in  lumps,  and  have  them  above  the 
surface  of  the  acid;  even  then  the  gas  should  be  passed  through  a  small  quantity 
of  water,  to  remove  any  traces  of  acid,  before  collecting  it  in  the  receiver. 
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(6)  By  heating  a  mixture  of  five  parts  of  manganese  dioxide,  four  parts  of  sodium 
chloride,  and  a  mixture  of  twelve  parts  of  sulphuric  acid  with  six  parts  of  water: 

MnOa    T     2NaCI     r    2H2SO4   -=  MnSO*   -i     NaaSO*   +   2HaO   -f    Clg. 

Marif^nese        Sodium  Sulphuric         Manj^nous         Sodium 

Dioxide.         Chloride.  Acid.  Sulphate.  Sulphate. 

(c)  By  gently  heating  a  mixture  of  potassium  dichromate  and  concentrated 
hydrochloric  acid. 

KaCroOT     +     14HCI     =    CrgCle     -f     2KCI     4-     yHaO     -f     3Cla. 

■^  Potassium  Hydrochloric         Chromic  Potassium 

Dichromate.  Acid.  Chloride.  Chloride. 

(d)  Upon  adding  hydrochloric  acid  to  bleaching  jwwder  or  hypochlorites, 

Ca(Oa)Cl.CaO      ,      4HCI     :r:r    2Caa2     i      2HaO     -4-     Cli. 

Bleaching  Powder.  Calcium  Chloride. 

HCIO      :      HCl     r--.    HaO     +     Clg 

Because  of  its  extensive  uses  in  the  arts  as  a  bleaching  agent  and  solvent,  chlo- 
rine is  prepared  industrially  on  an  extensive  scale.  Only  a  few  of  the  more  im- 
portant methods  are  enumerated. 

(3)  The  "'Deacon  Process''  is  based  on  the  oxidation  of  hydrochloric  acid  gas 
by  the  oxygen  of  the  air.  This  is  brought  about  by  passing  the  vapors  of  this  acid, 
mixed  with  air,  over  pieces  of  brick  which  have  been  saturated  with  copper  chloride 
and  heated  to  about  440°  C.     In  outline,  the  reaction  is  as  follows  : 

2HCI      r     O  HaO      i      CI2. 

It  is  presumed  that  the  copper  chloride  acts  as  a  catalytic  agent  in  the  liberation 
of  a  portion  of  its  chlorine,  and  withdrawal  of  it  from  the  nydrochloric  acid,  through 
the  mfluence  of  the  oxygen  of  the  air. 

(4)  The  '"Weldoft  Process'*  consists  in  heating  a  mixture  of  hydrochloric  acid 
and  manganese  dioxide  (see  Equation  2,  a).  The  economical  innovation  consists 
in  the  recovery  of  the  manganese,  which  is  converted  from  the  chloride  (MaCliJ, 
back  into  the  oxide  (MnOa).  This  is  accomplished  by  treating  the  manganese 
chloride  with  milk  of  lime  [Ca(OH)a],  whereby  manganese  hvdroxide  [Mn(OH)J 
is  produced;  then  upon  jjassing  a  blast  of  air  through  this  fieated  mixture,  the 
latter  is  converted  into  manganese  dioxide  (MnOa),  which  is  again  heated  with  a 
fresh  portion  of  hydrochloric  acid,  as  before. 

(5)  Electrolytic  Processes.  These  are  all  based  ujK)n  the  decomposition  of  sodium 
chloride  by  means  of  the  electric  current,  in  which  the  chlorine  separates  at  the 
anode  and  the  sodium  at  the  cathode. 

Many  mechanical  difficulties  have  been  encountered  in  the  various  processes, 
owing  to  secondary  reactions  taking  place  with  the  formation  of  sodium  hypo- 
chlorite, chlorate,  and  chloride,  caused  by  the  diffusion  of  the  chlorine  through 
the  solution.* 

To  overcome  this  difficulty,  various  devices  have  been  introduced.  Most  suc- 
cessful is  that  of  Castner  (page  706)  in  which  the  positive  and  negative  plates  are 
kept  apart  in  water-tight  compartments  which  permit,  however,  a  transfer  of  one 
of  the  products  of  the  reaction  from  two  of  the  cells  to  the  third. 

Physical  Properties. — Chlorine  is  a  yellowish-green  gas,  of  a  suffo- 
cating odor,  and  when  inhaled  exerts  a  corrosive  action  on  the  mucous 
membranes  of  the  air  passages.  It  is  about  2.5  times  heavier  than  the  air, 
hence  may  be  readily  collected  by  displacement,  the  height  to  which  the 


*(i)  2NaCl  ----NaaH   Cla- 

(2)  Naa  -T   2HaO  -^  2NaOH  +  Ha. 

(3)  2NaOH  -   Cla  =  NaCIO  -f  NaCI  -h  HjO. 

(4)  3XaC10    -  NaClOs  -h  2NaCl. 

(5)  NaClOa -f  3H8  =  NaCl  i   3HaO. 
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vessel  is  filled,  being  noted  by  the  color  of  the  gas.  Under  a  pressure  of 
six  atmospheres  at  0°,  or  at  — 34°  under  ordinary  pressure,  it  is  con- 
verted into  a  yellow  liquid,  which  has  a  specific  gravity  of  1.56,  boils  at 
— 33-6°,  and  solidifies  at  — 102**.  Chlorine  is  now  commercially  sup- 
plied as  a  compressed  liquid  in  steel  cylinders.  At  0°,  one  volume  of 
water  dissolves  1.5  volumes  of  chlorine;  at  10°  three  volumes,  and  at 
30°  1.8  volumes,  while  boiling  completely  expels  chlorine  from  water. 
When  passed  into  ice  water,  chlorine  forms  a  greenish  crystalline  mass 
called  chloruie  hydrate  (CU  +  SHjO). 

Chemical  Properties. — Next  to  fluorine,  chlorine  is  the  most  reac- 
tive member  of  the  group  of  non-metals,  and  with  the  exception  of  the 
inert  gases  (N,  He,  Ar),  oxygen,  carbon,  and  some  of  the  rarer  metals  of 
the  platinum  group,  chlorine  unites  readily  with  all  elements.  Phos- 
phorus, copper,  bismuth,  tin,  antimony  and  arsenic  inflame  when 
sprinkled  in  a  finely  divided  condition  into  a  cylinder  of  chlorine.  When 
mixed  with  hydrogen,  chlorine  combines  with  explosive  violence  upon 
the  application  of  a  flame,  electric  spark,  or  when  exposed  to  the  direct 
rays  of  the  sun,  or  when  brought  into  contact  with  platinum  sponge. 
This  affinity  for  hydrogen  is  illustrated  in  its  behavior  towards  various 
compounds.  Thus,  if  tissue  paper,  moistened  with  warm  turpentine  oil 
(CjrtHjg),  be  plunged  into  a  cylinder  of  chlorine,  the  latter  combines 
with  the  hydrogen  of  the  turpentine,  generating  sufficient  heat  to  cause 
ignition  of  the  oil,  which  bums  with  a  copious  evolution  of  black  smoke 
from  the  liberated  carbon.  A  candle  bums  in  an  atmosphere  of  chlorine 
with  a  smoky  flame,  caused  by  the  combination  of  this  gas  with  the 
hydrogen  while  excluding  the  carbon.  Because  of  its  intense  affinity  for 
hydrogen,  chlorine  is  a  powerful  oxidizing  agent.  Thus  sulphur  and 
phosphorus  fflay,  Uftdef  ^*ertain  conditions,  be  oxidized  to  their  respect- 
ive acids,  and  salts  of  various  metals  oxidized  from  the  "'ous''  to  the 
•*iV*'  state.  Chlorine  is  very  extensively  employed  as  a  bleaching  and 
disinfecting  agent.  To  secure  this  action  it  is  necessary  that  the  gas 
be  used  in  the  presence  of  moisture,  or  in  solution  in  the  form  of 
"bleaching  powder*'  (chlorinated  lime),  or  the  "hypochlorites."  This 
depends  upon  the  cooperation  of  water,  which  is  decomposed  by  the 
chlorine  with  the  liberation  of  oxygen  (CI,  !-  H.^  -  2HCI  -\-  O);  this 
in  turn  forms  colorless  oxidation  products  with  organic  colored  sub- 
stances, and  also  destroys  disease-producing  germs  and  offensive  odors. 

Lfiquor  Chlori  Co.,  U.S.P. — An  aqueous  solution  containing  about 
0.4  per  cent,  of  chlorine,  with  small  quantities  of  chlorine  peroxide 
(ClOj),  chlorous  acid  (HClOj),  and  chloric  acid  (HCIO,).  The  solution 
is  prepared  through  the  action  of  diluted  hydrochloric  acid  on  potassium 
chlorate  by  aid  of  heat  and  dissolving  the  liberated  gases  in  water.  The 
reaction  which  takes  place  is  as  follows  : 

4KCIOS     -      16HCI     -:    4KCI     ^     SHaO      i       14CI      f     2C10a. 
Potassium  Chlorate.  Chlorine  Peroxide. 

The  chlorine  peroxide  breaks  up  as  follows,  in  the  presence  of  water : 

3aOa    +    HaO      -    2HCIO3    -\-    CI     f      O. 
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Liquor  Chlori  Co.,  U.S.P.,  is  a  transparent  greenish-yellow  liquid, 
which,  because  of  its  instability,  should  be  prepared  fresh  when  desired. 
It  is,  however,  far  more  stable  than  the  Aqua  Chlori  (U.S.P.,  1890), 
prepared  by  dissolving  the  gas  evolved  from  a  mixture  of  manganese 
dioxide  and  hydrochloric  acid. 

Upon  standing,  solutions  of  chlorine  become  colorless,  decomposing 
into  hydrochloric  acid  and  oxygen,  according  to  the  following  reaction : 

2CI2    -i-    2H2O    ---.    4HCI    +    Ot. 

In  addition  to  its  use  in  medicine  as  a  stimulant  and  antiseptic,  chlorine 
water  is  a  valuable  laboratory  reagent,  being  especially  employed  for 
liberating  iodine  and  bromine  from  its  salts,  and  for  oxidizing  many 
metallic  compounds.  When  employed  as  a  reagent  for  liberating  iodine 
or  bromine,  care  should  be  observed  not  to  add  too  great  an  excess  of  the 
chlorine  solution,  owing  to  the  tendency  of  this  element  to  form  colorless 
compounds  with  bromine  and  iodine. 

HYDROGEN  AND  CHLORINE. 

HYDROCHLORIC  ACID.     MURIATIC  ACID. 
Formula,  HCl.  Molecular  IVeighl,  36.18. 

History. — Hydrochloric  acid  in  solution  (first  mentioned  by  Basil 
Valentinus,  in  the  XV  century)  was  known  to  the  ancients.  The  alchem- 
ists were  already  familiar  with  aqua  regia,  obtained  by  distilling  nitre,  sal 
ammoniac,  and  v.triol  together.  Glauber,  about  the  year  1648,  first  pre- 
pared the  aqueous  acid,  and  gave  it  the  name  of  spiritus  salts,  which  as 
*' spirits  of  salt"  it  retains  to  the  present  day.  Priestley  first  collected 
the  gas  by  the  use  of  a  pneumatic  trough  containing  mercury.  Davy,  in 
1 8 10,  disproved  its  supposed  elementary  character,  and  demonstrated  it 
to  be  a  compound  of  chlorine  and  hydrogen. 

Occurrence. — Hydrochloric  acid  gas  occurs  as  one  of  the    gaseous 

products  ejected  from  volcanoes.     It  is  present  in  solution  (o.i  to  0.3 

per  cent.)  in  the  normal  gastric  juice  of  mammals,  along  with  pepsin 

and  inorganic  salts. 

• 
Preparation. — ^When  equal  volumes  of  chlorine  and  hydrogen  are  mixed  and  ex- 
posed to  diffused  daylight,  they  slowly  combine,  forming  hydrochloric  acid.  This 
combination  may  be  effected  at  once  and  with  explosion  by  e:^x>sing  the  mixture 
to  the  direct  rays  of  the  sun,  to  the  light  of  the  electric  arc  or  burning  magne- 
sium, or  by  the  application  of  a  flame.  For  laboratory  purposes  the  gas  may  be 
prepared  in  a  flask  with  suitable  attachments  for  washing  and  purifying,  as  in 
Fig.  g2,  by  adding  to  sodium  chloride  one  and  a  half  times  its  weight  of  sulphuric 
acid,  previously  diluted  with  half  its  weight  of  water,  and  applying  heat.  A  small 
quantity  of  sulphuric  acid  is  put  in  the  wash  bottle  to  remove  moisture,  and  the 
gas  is  then  collected  over  mercury.  When  two  molecules  of  sodium  chloride  and 
one  molecule  of  sulphuric  acid  are  taken  the  following  reaction  occurs: 

+      2Ha. 

Hydrochloric 
Acid. 


2NaCl 

1 

1 

H2SO4 

NaaSOi 

Sodium 
Chloride. 

Sulphuric 
Acid. 

Sodium 
Sulphate. 
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In  working  on  a  small  k 
molecule  of  each,  when  i 
flask: 


s  required  in  the  preceding, 


Chloride.  Acid.  Sulpliat 

This  reaction  occurs  with  the  aid  of  less  heat  than  i; 
and  is  in  other  ways  more  satisfactory. 

For  laboratory  purposes,  this  gas  may  be  conveniently  prepared  by  adding 
sulphuric  acid  (through  a  separatory  funnel)  to  ammonium  chloride,  in  broken 
pieces.  I'ontainea  in  a  flask  and  heating. 


aNHiCI 


H,SO. 


(XH,).S04 


2HCI. 


Another  method  of  preparation  consists  in  adding  (through  a  separatory  funnel) 
drop  by  drop,  concentrated  hydrochloric  acid  to  concentrated  sulphuric  acid, 
contained  in  a  flask  fitted   with  a  delivery  tube. 

Physical  Properties. — Hydrochloric  acid  is  a  colorless  gas,   of    a 
sharp,  suffocating  odor  and  an  add_taste.     It  has  a  specific  gravity, 
compared  with   air,   ol   1.269,   3"*^ 
may  therefore  be  collected  like  chlor-  '"  ''' 

ine  by  downward  displacement.  It 
has  been  liquefied  by  a  pressure  of 
40  atmospheres  and  a  temperature 
of  10°,  its  critical  temperature  is 
52.3°  and  critical  pressure  86  atmos- 
pheres. 

Chemical  Properties. — The  dry 
liquid  neither  acts  on  metals  nor 
reddens  litmus.  The  gas  fumes  in 
moist  air  and  is  very  soTuble  in 
water;  at  0°,  one  volume  (i  liter)  of 
water  will  absorb  about  505  volumes 
(505  liters,  or  816  grams)  of  the 
gas,  and  about  410  volumes  at  30°. 
Hydrochloric  acid  gas  is  neither 
combustible  nor  a  supporter  of  com- 
btistion  in  the  general  sense;  how- 
e^-er,  it  will  support  the  combus- 
tion of  metallic  sodium,  potassium, 
or  magnesium,  hydrt^en  gas  being  evolved  and  a  chloride  of  the 
metal  formed.  Certain  other  metals  react  in  a  similar  manner  at  higher 
temperature. 

Fe        +        aHCl        =        FeCI.        +        Hg. 


3H,. 
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Hydrochloric  acid  gas  decomposes  most  metallic  oxides,  with  the 
formation  of  water  and  a  chloride. 

FeaOs        +        6HC1        ^        2FeCl8        -f        aHjO. 

Ferric  Ferric 

Oxide.  Chloride. 

MnOa        +        4HCI        =        MnCU        +        aHaO. 

Manganese  Manganese 

Dioxide  Tetrachloride 

When  heated,  the  manganese  tetrachloride  is  decomposed  into  chlorine 
and  the  normal  chloride,  MnCl^  ==  MnClj  +  CI2. 

Acidum  Hydrochloricum. — ^The  concentrated  aqueous  solution  of 
the  pure  gas  forms  a  coloriess,  corrosive  fluid  of  very  sour  taste  and  pen- 
etrating odor,  and  it  fumes  readily  in  moist  air;  less  concentrated  acids  do 
not  fume.  The  concentrated  chemically  pure  (C.P.)  acid,  contains  from 
36  to  40  per  cent,  of  the  anhydrous  acid,  while  that  recognized  by  the 
U.S. P.  contains  31.9  per  cent,  and  has  the  specific  gravity  of  1. 158  at  25°. 

The  ''commercially  pure"  acid  is  of  variable  strength  and  quality. 
The  specific  gravity  of  an  acid  being  known  (at  15°),  the  percentage 
strength  may   be   approximately   ascertained  by   multiplying  its  two 
first  decimals  by  2 ;  for  example,  an  acid  of  the  gravity  1.12  contains  24* 
per  cent.,  one  of  the  gravity  1.162  contains  31.9  per  cent,  of  absolute  acid. 

When  heated,  concentrated  hydrochloric  acid  evolves  the  gaseotis 
acid  until  it  reaches  a  concentration  of  20  per  cent.,  then  it  distils 
unchanged  at  110°  C.  Conversely,  if  a  weaker  acid  be  distilled,  it  will 
lose  water  until  it  reaches  a  contraction  of  20  per  cent. 

Most  metals  dissolve  in  hydrochloric  acid  with  evolution  of  hydrogen 
gas,  while  the  metallic  oxides  dissolve  with  separation  of  water. 

Peroxides  of  the  alkalies  and  alkaline  earths  are  decomposed  by 
hydrochloric  acid,  yielding  hydrogen  peroxide, 

BaOa         f        2HCI       --        BaCla        -f         HaOa, 

Barium  Hydrogen 

Peroxide.  Peroxide. 

while  the  peroxides  of  lead  and  manganese  yield  the  corresponding  per- 

chlorides. 

PbOa         f      4HCI        -=        PbCU         -f         2HaO. 

Lead  Lead 

Peroxide.  Perchloride. 

The  commercial  acid  is  one  of  the  by-products  in  the  Leblanc  soda 
process,  the  first  stage  of  which  is  the  production  of  sodium  sulphate 
through  the  action  of  sulphuric  acid  on  sodiimi  chloride,  hydrochloric 
acid  being  the  side  product. 

2NaCl        +         HaSOi        - --        NaaSOi        -f         2HCI. 

For  this  purpose,  the  salt  and  crude  sulphuric  acid  are  heated  together 
in  a  specially  constructed  furnace,  and  the  evolved  hydrochloric  add 
vapors  are  forced  through  a  system  of  towers  filled  with  coke,  or  brick, 
over  which  water  trickles ;  or  the  gas  is  absorbed  in  large  earthenware 
Woulfe  bottles. 
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Impurities. — ^The  impurities  found  in  the  commercial  acid  arise  from 
the  crude  or  raw  materials  employed  in  its  manufacture,  as  well  as 
contact  with  exposed  parts  of  the  apparatus.  This  acid  is  of  a  pale  yel- 
low color,  due  to  the  presence  of  a  small  amount  of  ferric  chloride.  The 
other  impurities  consist  of  sulphuric  acid,  chlorine,  arsenic,  lead,  and 
inorganic  salts.  The  pure  (C.P.  or  U.S. P.)  acid  is  generally  prepared 
from  pure  soditun  chloride  and  sulphuric  acid.  It  should  conform  to 
the  requirements  of  the  U.  S.  Pharmacopceia  in  yielding  no  residue 
upon  evaporation,  should  contain  not  over  i  part  in  100,000  of  the 
heavy  metals  or  arsenic,  also  be  free  from  halogens,  sulphuric,  and  sul- 
phurous acids. 

Chlorides. — The  compounds  of  hydrochloric  acid  are  known  as 
chlorides,  and  are  usually  formed  by  dissolving  the  metal,  its  hydroxide 
or  carbonate  in  the  diluted  acid.  A  few  are  made  by  the  direct  action  of 
chlorine  on  the  metal.  Nearly  all  metallic  chlorides  are  soluble  in  water, 
the  exceptions  being  the  chlorides  of  silver,  mercury  (ous),  and  lead, 
the  last  of  which  is  soluble  in  hot  water. 

Tests. — ^The  test  of  identity  for  free  hydrochloric  acid  is  made  by 
heating  with  manganese  dioxide  and  noting  whether  chlorine  is  evolved. 
A  If  the  quantity  of  acid  be  very  small,  the  escaping  gas  should  be  passed 
into  a  diluted  solution  of  potassium,  iqdide  and  starch  j>aste,  whereby  a 
blue  color  is  produced.  Hydrochloric  acid  and  chlorides  produce  insol- 
uble white  precipitates  with  solutions  of  silver,  mercurous  mercury,  and 
lead.  The  first  forms  silver  chloride,  AgCl,  soluble  in  ammonium  hydrox- 
ide, the  second  mercurous  chloride,  Hg-^Cl.^  (calomel) ,  which 'blackens  on 
the  addition (rfammoniumjiydroxide.  and  the  third  lead  chloride,  PbClg, 
which  is  soliiBie  in  hot  water.  Very  large  quantities  of  this  acid  are 
effiployed  in  thie  production  oi  chlorine  for  the  manufacture  of  bleaching- 
powder  and  liquor. 
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Symboly  Br.  Atomic  Weight,  79.36.  Valence,  I. 

History. — This  element  was  discovered  in  1826  by  Balard,  of  Mont- 
pellier,  France,  in  the  bittern  or  mother  liquor  from  the  manufacture 
of  common  salt.  The  name,  from  /^/^«'At<^%  stench,  was  given  it  because 
of  its  disagreeable  odor. 

Occurrence. — Bromine  occurs  chiefly  as  magnesium  bromide  in 
sea  water,  and  as  the  magnesium,  calcium,  and  sodiumi  salt  in  many 
rock-salt  deposits  and  salt-wells.  Large  quantities  of  bromine  are  pro 
duced  at  Stassfurt,  a  considerable  quantity  is  manufactured  from  the 
residues  after  the  preparation  of  iodine  from  kelp,  but  the  greater  por- 
tion of  our  supply  is  derived  from  "bittern,"  the  mother  liquor  of  the 
salt  industry.  Natural  salt  brine  contains  bromides  and  chlorides  of 
sodium,  (Ifatcium,  magnesium,  and  potassium.  Usually,  less  than  o.i 
per  cent,  of  bromine  is  present. 
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Preparation. — The  bittern,  which  is  the  mother  liquor  from  the  crystallization 
of  salt,  is  concentrated  to  about  45^  B.,  which  causes  the  separation  of  the  more 
insoluble  sulphates  and  chlorides,  and  then  manganese  dioxide  and  sul{>huhc  acid 
are  added,  which  liberate  the  bromine,  according  to  the  following  reaction: 


MgBra  +   MnOa    -f    aHaSO*  --=  MgSO*    f   MnSO*  -f-   2HaO  4-   Brg. 

Magnesium    Manganese       Sulphuric  Magnesium     Mangaiious        Water.       Bromine 

Bromide.         Dioxide.  Acid.  Sulphate.         Sulphate. 


The  application  of  heat  completes  the  reaction.  The  vapors  are  conducted 
through  a  condensing  apparatus  mto  well-cooled  receivers. 

According  to  the  Dow  Process  for  the  extraction  of  bromine,  such  impurities 
in  the  brine  (as  ferrous  salts)  as  have  a  reducing  action  on  bromine  are  first  oxi- 
dized. This  is  accomplished  by  passing  air  containing  traces  of  chlorine  and 
bromine  through  the  brine.  This  ferine  is  then  subjected  to  electrolysis  till  about 
half  of  the  bromine  has  been  liberated.  This  is  then  V'  own  out  by  means  of  a  cur- 
rent of  air,  and  after  passing  through  purifying  towers  containing  sodium  bromide, 
which  serves  to  retain  the  chlorine  (NaBr  -f  CI  -  NaCl  -f-  Br),  the  bromine  vapor 
is  brought  into  contact  with  sodium  or  potassium  carbonate,  whereby  a  mixture 
of  bromide  and  bromate  is  produced.  If  sodium  or  potassium  bromide  is  desired 
this  is  evaporated  and  baked  at  red  heat  to  remove  organic  matter  and  bromate, 
taken  up  with  water,  filtered  and  crystallized.  This  mixture  of  bromide  and 
bromate  when  heated  with  sulphuric  acid  yields  bromine,  according  to  the  fol- 
lowing equation: 

5KBr  J    KBrOa  -^  3H2SO4     -  aKsSO*  -r  sBrg  4    3HaO. 

The  brine,  from  which  part  of  the  bromine  has  been  removed,  is  electrolyzed  and 
the  gases  (CI  with  little  Br)  blown  out  by  a  blast  of  air  and  used  for  oxidizing  a  fresh 
lot  of  brine.  Another  method,  known  as  the  '  'continuous  process, "  consists  in 
decomposing  the  bromides  of  the  hot  bittern  by  a  current  of  chlorine  and  steam. 
The  liberated  bromine  dissolves  in  the  liquor,  from  which  it  is  afterwards  removed 
by  boiling. 

The  crude  bromine  thus  obtained  contains  as  chief  impurity  bromine  chloride 
(BrCl),  with  traces  of  iodine  and  lead  bromide.  It  is  purified  by  shaking  with 
ferrous  or  sodium  bromide  and  distilling  from  glass  retorts,  or  distilling  direct 
from  iron  tilings,  the  quantity  used  depending  on  the  percentage  of  chlorine  pres- 
ent.    The  reaction  is  as  follows: 

FeBrg  2BrCl     =^     FeCla     +     2Br2. 

Physical  Properties. — Bromine  is  a  reddish-brown,  intensely 
caustic  liquid  which  freely  evolves  corrosive  orange-red  vapors  ot  a 
suffocating  odor  resembling  that  of  chlorine.  Its  specific  gravity  is 
2.99  (15°).  Pure  bromine  boils  at  59.27°,  and  when  cooled  to  — 7°  it 
congeals,  and  at  — 20°  forms  gray,  metallic-like  crystalline  scales. 

Bromine  is  soluble  in  28  parts  of  water  at  20**,  and  29  parts  at  30®, 
the  solution  is  far  more  stable  than  the  solution  of  chlorine,  yet  in  time, 
decomposes  into  hydrobromic  acid  and  oxygen. 

It  is  more  soluble  in  alcohol,  ether,  chloroform,  and  carbon  disulphide, 
the  last  three  being  capable  of  extracting  it  from  its  aqueous  solution 
on  agitation.  Bromine- is  very  soluble  in  aqueous  solutions  of  the  alkali 
bromides,  hydrobromic  acid  and  hydrochloric  acid  forming  very  stable 
reddish-brown  colored  solutions. 

Chemical  Properties. — Bromine  closely  resembles  chlorine  chemi- 
cally, although  it  usually  reacts  with  less  energy.  Thus,  while  chlorine 
combines  with  hydrogen  under  influence  of  light,  bromine  does  not. 
Bromine  combines  readily  with  the  metalloids  and  metals,   in  some 


BROMINE  AND  HYDROGEN.  171 

instances  (As,  Sb,  K)  with  considerable  violence,  yet  its  affinity  for 
these  elements  is  not  as  great  as  is  the  case  with  chlorine.  For  example, 
chlorine  will  displace  bromine  from  its  salts: 

2AgBr    -f-     Cla    ^    2AgCI     -f     Bra. 

Through  its  affinity  for  hydrogen,  bromine  reacts  substituting,  upon 
many  organic  compounds.    Thus  — 

CioHieO         -h         Bra        =        CioHiaBrO         -h         HBr 

Cam|4ior.  Mono-brom-camphor.         Hydrobromic  Acid. 

In  presence  of  water,  bromine  is  an  active  oxidizing  agent. 

HiS         -f         Bra         =         2HBr         +         S. 
Hydrogen  Sulphide.  Hydrobromic  Acid. 

HaS         4-         4Bra         +         4H8O        -=-       HaSOi         -h      8HBr. 

Hydrogen  Sulphide.  Sulphuric  Acid. 

II  III 

FeBra         -h         Br        =         FeBrs. 
Ferrous  Bromide.  Ferric  Bromide. 

Bromine  bleaches,  but  in  a  less  degree  than  chlorine.     It  bleaches 
Jitmus  and  iri3ig'd"sorutions  and  colors  starch  jelly  yellow, 
f  X    Bromine,  TTSVP.—^^^is  shiyuTdToiilaih  not  less  than  97  per  cent,  of 
""  pure  bromine,  the  balance  consisting  of  chloride  and  water.     The  Ameri- 
can bromine  usually  contains  from  1.5  (Michigan)  to  about  6  (Ohio)  per 
cent,  of  chlorine.     The  German  bromine  essays  about  99  per  cent.     For 
tests  see  U.  S.  Pharmacopoeia. 

Uses. — In  the  free  state  bromine  is  used  in  the  manufacture  of  bro- 
mides and  of  many  bromine  derivatives  of  the  coal-tar  compounds. 
It  is  also  used  in^ medicine  internally  when  highly  diluted,  and  exter- 
nally as  a  caustic.  It  is  also  extensively  used  as  a  disinfectant,  either  in 
solution  or  mixed  with  some  porous  silicate  as  infusorial  earth. 

BROMINE    AND    HYDROGEN. 

HYDROGEN  BROMIDE. 

Formula,  HBr.  Molecular  Weight,  80.36. 

Preparation. — ^When  equal  volumes  of  hydrogen  and  bromine  vapor  are  mixed, 
they  do  not  explode  by  the  application  of  a  flame  as  in  the  case  of  hydrogen  and 
chlorine,  but  when  the  mixture  is  passed  over  red-hot  platinized  asbestos,  com- 
bination takes  plate  and  hydrogen  bromide  or  hydrobromic  acid  gas  results.  The 
same  compound  is  formed  when  a  jet  of  hydrogen  is  burned  in  bromine  vapor. 
A  more  practical  method  is  to  take  one  part  of  amorphous  (red)  phosphorus,  mi;c  it 
with  two  parts  of  water  in  a  flask  to  which  is  fitted,  with  a  good  cork,  a  stoppered 
funnel  tube  containing  ten  parts  of  bromine.    The  apparatus  may  be  arranged  as 

in  Fig.  93.      . 

The  stop-cock  is  opened  so  as  to  allow  the  bromine  to  run  in  drop  by  drop, 
when  the  following  reactions  take  place: 

P4         +         ioBr2         =         4PBre. 

Phosphorus.  Bromine.  Phosphorus 

Pentabromide. 


PBra        +        4HaO        =        sHBr        -f        HsPO*. 

Phosphorus  Water.  Hydrogen  Phosphoric 

Penubromide.  Bromide.  Acid. 
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The  action  is  somewhat  violent  at  first,  and  great  care  should  be  exercised  during 
the  operation  to  thoroughly  agitate  the  mixture  in  order  to  bring  the  two  elemenls 
in  contact,  and  prevent  the  collection  in  one  place  of  any  appreciable  quantity 
of  bromine.     The  escape  of  free   bromine  is   prevented  by  connecting  the  flask 


Preparation  of  hydrobnxnic  acid. 


with  a  tube  containing  amorphous  phosphorus  mixed  with  pieces  ot  glass.  By  this 
means  the  hydrogen  bromide  formed  in  the  flask  is  augmented  by  that  formed  in 
the  tube.  After  the  first  action  ceases  it  is  necessary  to  apply  a  gentle  heat,  when 
the  gas  comes  off  freely,  and  is  best  collected  by  downward  displacement. 

Hydrobromic  acid  may  be  prepared  by  heating  together  potassium  bromide  and 
phosphoric  acid: 

3KBr        +         HsPO*        =        K9PO4        -*•         sHBr.  '^ 

Polaujum  PhCKuhoiic  PoIBSsium  H  ydTabromic 

BromiJ.-,  Aclii.  l^osphale.  '  Acid. 

It  naturally  occurs  to  one  that  a  cheaper  acid,  like  sulphuric,  might  be  substi- 
tuted :  this,  however,  cannot  be  done  in  the  case  of  the  gas,  but  only  in  the  prepara- 
tion of  the  aqueous  solution,  since  in  the  concentrated  soUition  a  reduction  of 
the  sulphuric  acid  takes  place  as  follows: 


2KBr 

BromiJe. 

iHaSO.         -=         2KHSO.          +          2HBr. 

Sulphuric                     Acid  PolMsium                    Hydroren 
Acid.                              Sulphalt.                          Bnimiac. 

2HBr        -1 

HaSO*          =         SOb         +          2H>0          4- 
Sulphuc  Uioxicli:. 

Hydrobromic   acid 
bromides.     Thus. — 

gas 

is   a   by-product   in   the  preparation  of  mar 

C,oH«0 

Ciimphor. 

+ 

iBr        =        CioHieBrO         -|-        HBr. 

Beniene. 

+ 

aBra        =        C«H«Br.        +         iHBr. 

In  the  latter  instance,  the  acid  may  be  readily  prepared,  usin§  the  same  form  ot 
apparatus  as  shown  in  Fig.  53.  in  which  the  bromine  (13s  cc.)  is  slowly  added  to 
benzene  (100  gm.)  containing  a  few  grams  ot  reduced  iron  or  pjwdered  aluminum. 
While  adding  the  first  half  of  the  bromine,  the  flask  must  be  kept  cool,  thereafter, 
the  reaction  proceeds  quietly  without  precautions.  The  vapors  are  passed  through 
the  U-shaped  tube,  one  arm  of  which  should  contain  ferrous  bromide  (for  absorb- 
ing any  benzene  vapors),  while  the  other  is  filled  with  naphthalin  (for  absorbing 
any  free  bromine). 

Properties, — Hydrogen  bromide  is  a  colorless,  heavy  gas,  with  a 
sharp,  irritating  odor  and  an  acid  taste  and  reacETdfT     It  condenses  to 
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a  liqtiid  at  — 73®  and  solidifies  at  — 87®.  The  gas  has  a  specific  gravity 
of  2.8  (air=i),  and  is  very  soluble  in  water,  one  volume  of  which  dissolves 
about  600  volumes  of  the  gas  at  10°.  The  saturated  aqueous  solution 
(sp.  gr.,  1.78  at  o®)  contains  82  per  cent,  of  hydrobromic  acid,  while  at 
15°  (sp.  gr.,  1. 515)  it  contains  49.8  per  cent,  of  the  gas;  the  former  con- 
centrated solution  fimies  in  the  air,  and  when  heated  the  gas  is  liberated ; 
also  if  a  very  dilute  solution  is  boiled,  water  distils  over,  until  in  boh 
cases,  the  remaining  solution  contains  about  47  per  cent,  of  the  acid 
(sp.  gr.  1.485  at  15°).  Chlorine  readily  decomposes  hydrogen  bromide 
according  to  the  following  reaction  : 

2HBr     +     CI9     -:     2HCI     -\-     Bra. 

Many  metals  react  with  hydrogen  bromide,  forming  bromides. 

Acidum  Hydrobromicum  Dilutum,  U.S. P. — ^The  official  acid  should  contain  10 
per  cent,  of  hydrobromic  acid  gas,  and  has  a  specific  gravity  of  about  r.076  (25°). 
n^-may  be  prepared  from  the  concentrated  acid  by  dilution  or  according  to  any 
of  the  following  convenient  methods  : 

1.  By  interaction  between  potassium  bromide  and  tartaric  acid. 

L^         KBr     +     HaC4H40e  KHC4H4(3e  HBr.  ..      /. 

Add   a  solution  of  15.3  gm.  of  potassium  bromide    in  30  cc.  of  hot  water  to  a'  '' 
solution  of  18.6  gm.  of  tartaric  acid  in  40  cc.  of  dilute  alcohol;  shake  well,  cool  for 
several  hours,  filter  and  wash  the  precipitate  (acid  potassium  tartrate)  with  diluted 
alcohol  till  100  ct.\  of  filtrate  have  been  obtained.     Concentrate  on  a  water-bath 
to  about  60  cc.  and  then  dilute  with  water  to  measure  100  cc. 

2.  By  interaction  between  bromine  and  hydrogen  sulphide, 

Br2      i-     HaS     -     2  HBr     -f     S. 

Through  a  mixture  of  30  cc.  of  bromine  and  500  cc.  of  water,  hydrogen  sulphide 
is  passed,  with  frequent  agitation,  until  the  last  traces  of  bromine  have  disappeared. 
The  solution  is  then  filtered,  and  distilled,  rejecting  the  first  portions  till  free  from 
the  odor  of  hvdrogen  sulphide,  then  collect  the  distillate  until  sulphuric  begins  to 
di.still  over.  The  product  is  diluted  till  of  the  specific  gravity  of  1.076,  or  assayed 
and  then  diluted  accordingly. 

3.  By  interaction  between  potassium  bromide  and  sulphuric  acid. 

KBr     -I-     H9SO4  KHSO4     H      HBr. 

To  a  solution  of  150  p.  of  potassium  bromide, U.S. P.,  in  1  50  p.  of  water,  add  a  cooled 
mixture  of  1 50  p.  of  sulphuric  acid  and  25  p.  of  water  and  set  aside  24  hours.  Drain, 
and  wash  the  crystals  with  a  little  water  and  distill  the  mixed  fluids  almost  to 
dryness.     Dilute  the  distillate  till  of  the  specific  gravity  1.076,  or  assay  and  dilute. 

Tests. — As  a  test  of  identity  for  the  acid,  the  addition  of  copper 
sulphate  solution  followed  by  sulphuric  acid,  will  yTeld  a  dcCfp  red  color. 
IT  to  the  acid  or  an  aqueoTisTotutrdn  of  its  salts,  a  little  chloroform  be 
added,  followed  by  chlorine  water  added  drop  by  drop  with  constant 
agitation,  the  chloroform  will  dissolve  the  liberated  bromine  with  an 
orange  color.  Silver  nitrate  yields  a  yellowish-white  precipitate  (AgBr), 
which  is  soluble  ih  a  latge  excess  of  ammonia  water,  solutions  of  the  alkali 
cyanides,  and  thiOStdphates,  and  insoluble  in  nitric  acid.  Mercury  (ous) 
and  lead  salts  yield  insoluble  bromides.  Heat  fuses  and  finally  volatil- 
izes the  bromides,  most  of  them  with  decomposition.  All  bromides 
are   decomposed  by  chlorine,  nitric,  nitrous,  and  sulphuric  acids. 
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The  impurities  in  diluted  hydrobromic  acid  are  usually  accidental, 
and  due  to  carelessness  in  manufacturing.  Sulphuric  acid,  which  might 
be  present  from  this  cause,  is  easily  detected  by  solution  of  barium 
chloride.  Barium  also  is  sometimes  present  owing  to  the  use  of  barium 
bromide  in  removing  sulphates ;  it  is  detected  in  the  usual  manner  by 
the  addition  of  a  solution  of  a  soluble  sulphate.  If  lo  cc.  of  the  diluted  acid 
be  evaporated  and  heated  to  i  lo**,  no  weighable  residue  should  remain. 

Inasmuch  as  the  percentage  strength  of  hydrobromic  acid  is  ascertained 
by  titration  with  a  standard  tenth-normal  silver  nitrate,  U.S.,  the  pres- 
ence of  hydrochloric  acid  or  chlorides  would  raise  the  apparent  strength 
of  this  acid,  hence  the  absence  of  these  must  first  be  established.  This 
test  is  carried  out  by  adding  8  cc.  of  silver  nitrate,  U.  S.,  to  0.5  cc.  of  the 
acid  diluted  with  10  cc.  of  water,  followed  by  6  cc.  of  ammonium  car- 
bonate, T.S.  After  digesting  for  ten  minutes,  cooling  and  filtering, 
the  filtrate  should  not  become  more  than  opalescent  upon  the  addition 
of  an  excess  of  nitric  acid. 

Bromides. — The  salts  of  hydrobromic  acid  are  called  bromides. 

These  may  be  prepared  by  the  following  methods  : 

1.  By  direct  union  of  the  elements: 

Zn    -f     Bra    --    ZnBra,  Zinc    Bromide. 
Fe     4      Bra      -    FeBrg,  Ferrous  Bromide. 
FeBra    +     Br     ~-   FeBra,  Ferric  Bromide. 

If  the  vapors  of  bromine  are  passed  over  moist  iron  filings,  the  crystalline  salt 
(FeBra  -f  6HaO)  results;  if  the  iron  be  heated  to  redness,  the  anhydrous  salt  is 
obtained.  Ferrous  bromide  may  also  be  prepared  by  the  gradual  addition  of 
6  p.  of  bromine  to  10  p.  of  water  mixed  with  3  p.  of  iron  filing  or  reduced  iron, 
evaporating  to  dryness  with  the  addition  of  some  hydrobromic  acid. 

Ferric  bromide  (FeBrs)  is  obtained  by  adding  3  cc.  of  bromine  to  25  gm.  of  the 
anhydrous  ferrous  bromide.  Commercially,  the  ferroso-ferric  bromide  (FesBra) 
is  a  very  important  salt,  because  of  its  employment  in  the  preparation  of  the 
alkali  bromides.  This  is  prepared  during  the  distillation  of  bromine,  in  which 
the  vapors  are  f)assed  into  hot  iron  turnings. 

2.  The  action  of  hydrobromic  acid  or  bromine  upon  the  oxides,  hydroxides,  or 
carbonates  of  the  metals. 

6KOH     -f .   3Bra     -    sKBr    -\-     KBrOa    4-    jHaO. 

Potassium  Potassium        Potassium 

Hydroxide  Bromide  Bromate 

ZnO      ;      2HBr    r-     ZnBra     f     HaO. 
CaCOa    -f     2HBr    -^--    CaBra    -j     COa    -h     HaO. 

3.  By  interaction  between  solutions  of  potassium  bromide  and  the  sulphate  of  the 
base  desired.  The  resulting  less  soluble  side  product,  potassium  sulphate,  being 
removed  by  cooling  or  through  the  addition  of  alcohol.  The  filtrate  is  then  con- 
centrated to  low  bulk  and  granulated  or  evaporated  to  dryness  on  a  water-bath. 


2KBr 

Potassium 
Bromide. 


-J- 


2KBr 


(NH4)2S04 

Ammonium 

Sulphate. 

ZnSO* 


K2SO4 

Potassium 
Sulphate. 

ZnBra 


f        2NH4Br. 

Ammonium 
Bromide. 

KaS04. . 


BROMINE  AND  CHLORINE. 


Bromine  Monochloride. — When  chlorine  is  passed  into  bromine  at  a  low  tempera- 
ture, large  quantities  are  absorbed,  and  a  reddish- yellow  volatile  liquid,  bromine 
monochloride,  BrCl,  is  formed.    It  is  soluble  in  water  and  decomposes  at  or  above  10*. 
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Uses. — Potassium,  sodiiim,  rubidiiun,  ammonium,  lithium,  calcium, 
and  strontium  bromides  are  used  medicinally.  Silver  bromide  with  the 
alkali  bromides  are  extensively  emp'oyecj^  photography. 

All  bromides  are  soluble  in  water  excepting  silver,  mercury  (pus), 
and  lead.  In  alcohol,  the  alkali  bromides  are  slightly,  while  calciiun 
and  mercury  bromides  are  readily,  soluble. 

IODINE. 

SyfHdo/f  I.  Atomic  Weight,  125.9.  Valence,  I. 

History. — In  181 1,  Courtois,  a  soap-boiler  of  Paris,  noticed  a  pecu- 
liar corrosion  of  his  copper  kettle  during  the  evaporation  of  kelp  liquor, 
after  crystallizing  the  sodium  carbonate  from  it;  subsequently  he  ob- 
tained violet  vapors  on  the  addition  of  sulphuric  acid  to  some  of  the 
waste  liquor. 

This  discovery  was  announced  in  181 2.  Davy  and  Gay-Lussac  both 
investigated  the  new  element  about  a  year  later,  and  the  latter  gave 
it  the  name  of  iodine  (fcw^iyy)  from  the  violet  color  of  its  vapor. 

Occurrence. — Iodine  occurs  in  small  quantities,  widely  diffused 
in  nature,  chiefly  in  combination  with  sodium /potassium  \  calcium,  and 
magnesium,  in  certain  salt  springs,  in  minutef  quantities^ in  sea-water, 
and  in  the  sodiiun  nitrate  (Chili  saltpetre)  deposits  of  Chili  and  Peru. 
In  certain  rare  minerals  iodine  occurs  combined  with  silver,  lead,  mer- 
ciu"y.  and  zinc.  Traces  are  found  in  the  blood,  eggs,  thyroid  gland 
(about  0.03  per  cent.),  and  certain  varieties  of  sponge. 

Source. — The  world's  supply  is  derived  from  two  sources,  sea-weed 
ash  and  Chili  saltpetre.  The  relative  quantity  of  iodides  in  sea-water  is 
very  minute,  but  certain  varieties  of  sea-plants,  species  of  Fucus  and 
Laminara,  assimilate  them  readily  in  considerable  quantity. 

Preparation. — The  sea-weeds  which  collect  on  the  coasts  of  Scotland,  Ireland, 
and  some  of  the  neighboring  islands  are  gathered,  and  burned,  the  ash  forming 
what  has  for  a  long  time  been  known  as  kelp.  The  similar  product  from  the 
coasts  of  Normandy  and  the  Channel  Islands  is  called  varcc,  and  that  from  the 
Spanish  coasts  is  known  as  barilla.  These  three  commercial  products  were 
long  worked  for  their  sodium  carbonate,  but  at  present  they  are  utilized  for  the 
iodine  they  contain.     The  method  of  nianufacture  may  be  briefly  outlined  as  follows : 

Sea- weeds  are  burned  to  a  fused  mass  of  carbon  and  ash ;  this  mass,  which  con- 
tains from  0.5  to  1.5  per  cent,  of  alkali  iodides,  is  lixiviated  with  water,  the  solution 
evaporated  to  remove  the  excess  of  chlorides,  sulphates,  and  carbonates,  and  the 
concentrated  mother  liouor  treated  with  sulphuric  acid,  which  causes  a  separation 
of  sulphur  on  account  of  the  sulphides  and  sulphites  present.  This  sulphur  and  the 
crystals  of  sulphate  formed  are  removed,  and  the  remaining  acid  liquor  contained 
in  an  iron  retort,  is  treated  with  manganese  dioxide,  which,  with  the  free  sulphuric 
acid  previously  added,  liberates  iodine  according  to  the  following  reaction: 

2NaI     -    MnOi    -f    2H8SO4    -=    NagSOi     ^      MnSOi      :      2H2O    +    li! 

The  temperature  is  kept  at  aboitt  60**,  which  causes  the  iodine  to  pass  off  in  vaTx>r 
and  condense  in  a  series  of  earthenware  receivers  adapted  to  the  retort  for  tnat 
purpose.  Excess  of  manganese  is  avoided  in  order  to  prevent  bromine  and  chlorine. 
which  are  present  in  the  liquor  as  salts,  from  passmg  over  and  combining  with 
the  iodine  to  form  tribrom  or  trichlor-iodine.  After  iodine  ceases  to  be  evolved,  an 
excess  of  manganese  dioxide  is  added;  the  bromine  is  thereby  liberated  and 
conducted  into  separate  receivers. 
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Among  the  various  modifications  of  this  procesE  which  have  been  proposed  an 
the  passing  of  chlorine  into  the  kelp  liquor,  whereby  iodine  precipitates  as  a  paste. 

2Nal     -      Cla     -     iNaCI     -r     I^  P  "^  i''^'— 
Or  heating  the  aciditied  liquor  with  ferric  chloride,  whereby  iodine  is  liberated. 
sNal  iFeCla  .    iFeCls        +        iNaCI         +         I,. 

Sodium  Fetik-  Ferrous 

lodidi-.  Chloride.  Chloride. 

The  most  important  sources  of  iodine  at  the  present  time  are  the  nitre  beds  of 
Chili  and  Peru. 

These  deposits,  called  caliche,  which  consist  chiefly  of  sodium  nitrate,  contain 
from  O.I7S  tii  0.6  ))ef  cent,   of  iodini  .... 

small  amuunts  uf  (he  iodides  of  sodiu 


maininK  ufter  the  removal  of  the  stwliuin  r 
iodatc,  and  yields  frmn  i  to  5  gm.  of  iodine  to  the  liti 
The  iodine  is  jirecipilated  from  this  mother  liquor  by  n 
trai  and  acid  sodium  sulphite. 

iNalOa  jNasSOs      r       2N'aHSOa     ^--^     5NasS04      +      HsO     +     Is. 

Sodium  Sodiim  So<liiim  Acid  Sodium 

iodiiie.  Sul|itiiU'.  Sulpl.U.:.  Sulphite. 

The  iodine  is  collected  on  muslin  strainers,  dried,  and  purified  by  sublimation. 
Physical  Properties.— Iodine  consists  of  "heavy,  bluish-black,  dry, 

and  friable  rhombic  plates,  of  a  metallic  .ustre,  a  distinctive  odor. 
a  sharp  and  acrid  taste,  and  a  neutral  reaction."  It  has  a  specific 
f^avity  of  4.i;4H  at  17°,  melts  at  114°,  and  boils  at  about  184°.  giving 
off  a  vapor  which,  when  mixed  with  air,  is  violet- colored,  but  when 
pure  is  deep  blue.  At  ordinary  temperatures  slow  volatilization  takes 
place,  and.  if  in  a  bottle,  minute  crystals  are  deposited  on  the  sides. 
Iodine  is  not  hygroscopic ;  even  when  kept  over  water  not  more  than 
0.05  per  cent,  of  moisture  is  absorbed. 
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Iodine  is  slightljsoluble  in  water,  one  part  of  the  element  requiring 
about  3700  parts  ol  waler" at  1 5'  to  dissolve  it,  forming  a  yellowish 
solution,  which,  on  exposure  to  light,  decolorizes  with  formation  of  hy-. 
driodic  acid.  The  solubility  of  iodine  in  water  is  much  increased  by  the 
presence  of  potassium  iodide  or  hydriodic  acid.  The  official  Liquor 
lodi  Compositus,  U.S.P.  (Lugol's  Solution),  is  a  preparation  based 
on  this  property.  In  strong  alcohol  iodine  is  soluble  to  the  extent  of 
one  part  in  ten  of  the  solvent,  forming  a  dark-brown  liquid,  which  is 
stronger  than  the  Tincture'  lodi,  U.S.P. ,  which  contains  7  parts 
of  iodine  and  5  parts  of  potassium  iodide  in  100  of  alcohol. 
Alcoholic  solution  of  iodine  readily  undergoes  decomposition  upon  stand- 
ing, the  loss  in  free  iodine  varying  from  15  to  25  per  cent,  in  one  year's 
time  or  even  less.  The  iodine  is  converted  into  hydriodic  acid  and 
ethyl  iodide.  This  decomposition  may  be  prevented  by  the  presence 
of  potassium  iodide  as  directed  in  the  U.S.P.  With  methyl  alcohol  the 
rate  of  decomposition  is  more  rapid  and  the  methyl  iodide  produced 
is  very  irritating.  Iodine  is  also  soluble  in  ether,  chloroform,  ca3:^Qn  disul- 
phide,  benzene,  and  petrolemn,  to  all  of  which  in  small  quantity  it  Jm- 
pSLTts  a  red  or  violet  color,  according  to  the  amount  dissolved  and  sol- 
vent used.  It  is  also  soluble  in  glycerin  and  in  glacial  acetic  acid.  The 
solubility  :s  increased  in  water  by  a  number  of  organic  substances, 
notably  tannic  acid  or  drugs  containing  this  principle ;  this  is  due  to  a 
combination  with  the  tannin,  as  well  as  the  formation  of  hydriodic 
add. 

Chemical  Properties.  —  Iodine  resembles  chlorine  and  bromine 
chemically,  although  it  is  much  less  energetic.  It  is  displaced  from  its 
compounds  with  hydrogen  or  the  metals  by  either  chlorine  or  bromine ; 
however,  the  reverse  is  true  with  the  oxygen  compounds,  iodine  displac- 
ing bromine  or  chlorine  from  bromates  or  chlorates.  The  affinity  of 
iodine  for  hydrogen  is  relatively  feeble,  hence  it  bleaches  vegetable 
colors  in  the  presence  of  water  but  slowly ;  on  the  other  hand  it  combines 
more  readily  with  chlorine,  sulphur,  phosphorus,  and  many  of  the 
metals.  When  a  crystal  of  iodine  is  laid  on  a  small  piece  of  phosphorus 
the  combination  is  attended  with  so  much  heat  as  to  inflame  the  latter. 
As  in  the  case  of  bromine,  sodium  and  iodine  can  be  heated  together 
without  change,  while  with  potassium  the  action  is  explosively  rapid.  Io- 
dine, like  chlorine  and  bromine,  oxidizes  under  certain  conditions  metals 
from  the  "ous"  to  the  "ic"  stateT^Tleducing  agents  are  oxidized,  as  for 
example : 


SOa        +         2HaO         + 


=         HaS04         + 


Sulphur 
Dioxide. 


Sulphuric 
Acid. 


2HI. 

Hydriodic 
Acid. 


H^ 


aNaaSflOs 

Sodium 
Thiosnlphate. 


+         la        - 
+         la         -= 


2HI 


+ 


S. 


NaaS406 

Sodium 
Tetrathionate. 


2NaI. 

Sodium 
Iodide. 


This  latter  reaction  takes  place  when  tincture  of  iodine  is  decolorized, 
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When  dissolved   in  the  alkali    hydroxides,  iodine  forms  iodides  and 
iodates. 

3I2         -r         6XaOH         =         sNal         +         NalOs         +         3HaO. 


6XaOH 

sNal 

+ 

NalOs 

Sodium 

Sodium 

5>odium 

Hydroxide. 

Iodide. 

lodate. 

With  ammonia  water,  iodine  forms  an  iodide,  but  at  the  same  time 
deposits  a  dark  brown  powder,  termed  iodide  of  nitrogen  (NHL), 
which  is  violently  explosive  when  dry. 

Impurities  and  Tests. — Crude  iodine  contains  from  10  to  20  per 
cent,  of  moisture,  0.7  to  1.2  per  cent,  of  ash,  0.5  to  0.9  per  cent,  of 
chlorine,  with  small  quantities  of  bromine  and  cyanogen.  The  resub- 
limed  iodine  varies  from  98  to  99.8  per  cent,  pure,  with  traces  of 
chlorine  and  cyanogen.  Iodine,  U.S. P.,  should  be  of  99  per  cent,  purity. 
It  may  be  further  purified  by  pulverizing  and  mixing  with  one-tenth  its 
weight  of  potassium  iodide  and  subliming  from  porcelain  vessels.  This  salt 
serves  to  retain  the  chlorine  and  bromine.  Fixed  impurities,  in  iodine  as 
inorganic  salts,  may  be  recognized  by  volatilizing  a  small  quantity  of 
the  sample,  which  should  leave  no  residue.  An  excess  of  moisture  is  indi- 
cated by  the  iodine  adhering  to  the  sides  of  the  bottle,  and  by  its  failing 
to  form  a  perfectly  clear,  limpid  solution  with  chloroform.  Cyanogen, 
chlorine,  or  bromine  may  be  present;  these  may  be  detected  as  directed 
in  the  U.S.P. 

Free  iodine  in  solution  is  readily  detected  by  its  color,  which  varies 
from  a  brown  to  a  pale  yellow,  according  to  the  quantity  present.  Upon 
adding  a  few  drops  of  freshly  made  starch  paste,  a  deep  blue  color  is  pro- 
duced, which  is  decolorized  by  heating  and  reappears  on  cooling.  A  still 
more  sensitive  test  is  to  agitate  the  solution  with  a  little  chloroform, 
which  dissolves  the  slightest  trace  of  liberated  iodine,  forming  a  faint  but 
distinct  violet-colored  solution.  These  reactions  are  not  produced  with 
the  compounds  of  iodine,  but  only  after  the  addition  of  chlorine  water. 

Uses. — Iodine  is  used  extensively  in  the  manufacture  of  some  of  the 
coal-tar  colors,  in  the  preparation  of  iodides,  in  photography,  and  in 
medicine. 

IODINE  AND  HYDROGEN. 

HYDROGEN   IODIDE.     HYDRIODIC  ACID. 

Fortnula,  HI.  Molecular  Weighty  126.9. 

Preparation. — The  compound  of  these  two  elements  is  still  less  stable  than  in 
the  case  of  hydrogen  bromide.  Hence,  if  a  mixture  of  the  vapors  of  iodine  and 
hydrogen  be  heated,  only  a  portion  (about  76  per  cent.)  combines.  Either  a 
temperature  of  over  500°  will  suffice,  or  a  union  ot  these  elements  may  be  brought 
about  by  passing  them  over  platinized  asbestos  heated  to  redness.  Usually  hy- 
drogen iodide  is  prepared  in  the  same  manner  as  hydrogen  bromide,  by  aid  of 
amorphous  phosphorus. 

One  part  of  amorphous  phosphorus  is  mixed  with  fifteen  parts  of  water  in  a 
suitable  flask  (Fig.  93),  and  twenty  parts  of  powdered  iodine  are  gradually 
added,  keeping  the  flask  cool,  with  ice  it  necessary,  and  allowing  the  action  after 
each  addition  to  cease  before  adding  more.    When  all  the  iodine  has  been  added, 
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and  action  has  finally  ceased,  gentle  heat  may  be  applied,  and  the  gas,  which  is 
very  heavy,  collected  by  downward  displacement.  The  same  precautions  of  passing 
the  gas  over  a  mixture  of  amorphous  phosphorus  and  broken  glass  may  be  observed 
here  as  with  hydrogen  bromide.  Mercury  is  acted  on  by  hydriodic  acid  gas,  and, 
therefore,  cannot  be  used  for  the  collection.     The  reaction  is  as  follows: 

P4  +  6I2  =  4PI3. 

Phosphorus.  Iodine.  Phosphorus 

Tri-iodine. 

4PI3        +         i2HaO        =        12HI        -f        4H3PO3. 

Phosphorus  Water.  Hydriodic  Phosphorous 

Tri-iodide.  Acid.  Acid. 

Another  method,  used  when  a  solution  of  the  gas  in  water  is  desired,  consists 
in  passing  hydrogen  sulphide  into  water  containing  powdered  iodine,  stirring 
constantly  until  aB  of  the  iodine  has  been  decolorized. 


2l> 

+ 

2H1S 

4HI 

+ 

Sa. 

Iodine. 

Hydrogen 
Sulphide. 

"fSli?^" 

Sulphur 

The  small  quantity  of  iodine  in  solution  is  first  converted  into  hydrogen  iodide, 
which  in  turn  dissolves  more  iodine  to  be  acted  on  by  the  hydrogen  sulphide, 
sulphur  being  deposited  as  a  side  product.  The  solution  must  be  boiled  to  re- 
move the  excess  of  hydrogen  sulphiae,  and  filtered  to  remove  sulphur,  or  distilled, 
diluting  until  its  specific  gravitv  is  1.106  at  25°,  if  the  U.S. P.  acid  is  desired. 

Hyarogen  iodide  may  also  be  prepared  by  heating  together  phosphoric  acid 
and  potassium  iodide. 

l)(    r    3KI         -f         H3PO4         -         K3PO4         +         3HI. 

The  use  of  sulphuric  instead  of  phosphoric  acid  in  this  process  is  precluded  on  ac- 
count of  the  reduction  of  the  sulphuric  acid,  according  to  the  following  reaction: 

2KI         -f         2HaS04         -  2KHSO4         -I  2HI. 

2HI         ^         HaS04         --         SO9         +         2H2O  i  la. 

Properties. — Hydrogen  iodide  is  a  colorless,  heavy  gas,  with  a  sharp, 
irritating  odor,  and  an  acid  taste  and  reaction.  At  0°  and  a  pressure  of 
four  atmospheres  it  forms  a  colorless  liquid,  which  boils  at  — 34®  and 
solidifies  at  — 51®.  Its  specific  gravity  is  4.42.  The  gas  is  very  soluble 
in  water,  one  volume  at  10*^  absorbing  425  volumes  of  the  gas.  An 
aqueous  solution  of  the  acid  prepared  by  saturating  water  at  0°  fumes 
freely  in  the  air  and  has  a  density  double  that  of  water.  When  heated, 
this  acid  gives  off  vapors  of  the  gaseous  acid  until  its  strength  reaches 
57  per  cent.  If  the  diluted  acid  be  heated,  water  distils  over  until  the 
solution  reaches  a  concentration  of  57  per  cent.,  which  boils  at  127°. 
The  composition  of  the  distillate  from  this  acid  varies  according  to  the 
pressure. 

The  gas  commences  to  decompose  at  180°,  and  if  some  of  it  be  poured 
down  on  the  flame  of  a  Bunsen  burner,  clouds  of  iodine  vapor  are  evolved. 
It  also  readily  decomposes  when  a  red-hot  platinum  wire  is  plunged 
into  a  vessel  of  it,  or  more  slowly  when  simply  exposed  to  the  air.  This 
accounts  for  the  difficulty  of  preparing  the  gas  by  the  direct  union  of  the 
elements.  The  aqueous  solution  of  this  acid  rapidly  decomposes  on 
exposure  to  light,  and  becomes  dark  bfown  in  color  in  consequence  of 
the  separation  of  iodine  through  oxidation. 

2HI         +         O         -  H,0         +         I,. 
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Acidum  Hydriodicum  Dilutum,  U.  S.  P. — ^The  official  acid  should 
contain  not  less  than  lo  per  cent,  of  the  absolute  acid,  and  has  a  spe- 
cific gravity  of  about  1.106  (25**).  This  is  prepared  by  interaction 
between  potassium  iodide  and  tartaric  acid,  the  acid  potassium 
tartrate,  which  is  a  by-product,  being  removed   by    the   addition  of 

alcohol. 

KI         -f-         H2C4H40e         -•-■         KHC4H40e         4-         HI. 

To  prevent  browning  of  the  solution,  due  to  the  separation  of  iodine, 
potassium  hypophosphite  is  added;  this  also  reacts  with  the  tartaric 
acid  with  the  liberation  of  hypophosphorous  acid,  which  decolorizes 
the  free  iodine,  forming  hydriodic  acid. 

HPH2O3     +         2I2        -f         2HaO        -=        H8PO4        +        4HI. 

Hypophosphorous  Phosphoric 

Acid.  Acid. 

Dilute  hydriodic  acid  may  also  be  prepared  by  passing  a  current  of  hydrogen 
sulphide  through  a  mixture  of  finely  pulverized  iodine  i  gm.  and  100  cc.  of  water, 
stirring  at  frequent  intervals,  until  the  iodine  has  disappeared.  Then  another 
portion  of  the  latter  is  added  and  the  procedure  continued  until  1 2  parts  of  iodine 
have  been  consumed.  The  mixture  is  then  heated  till  free  from  hyarogen  sulphide 
filtered  and  made  up  to  100  cc. 

I,         4-         H2S         ==         2HI         -f         S. 

Uses. — Hydriodic  acid  has  some  use  in  medicine.  It  is  a  very 
energetic  reducing  agent,  hence  is  extensively  employed  in  organic 
reactions.  Its  reducing  properties  are  dependent  upon  the  readiness 
with  which  it  breaks  up  into  nascent  hydrogen  and  iodine : 

2HI       ^       2H  +       2I. 

2FeCl3  2HI  2FeCl2        4-        2HCI        +         Ij. 


Ferric  Chloride. 

Ferrous  Chloride. 

AuCla         + 

2HI 

AuCI          -1- 

2HCI 

+ 

Auric  Chloride. 

Aurous  Chloride. 

2CUCI2         -7- 

4KI 

2CuI              + 

4KCI 

1 
1 

Cupric  Chloride. 

Cuprous  Iodide. 

Iodides. — Nearly  all  the  iodides  are  soluble  in  water,  the  important 
exceptions  being  silver,  mercurous,  mercuric,  lead,  and  cuprous  iodides. 
The  iodides  of  bismuth,  tin,  and  antimony  require  a  little  free  acid  (HI) 
to  hold  them  in  solution.  Mercuric  iodide  (Hglj)  is  soluble  in  an  excess 
of  an  alkali  iodide ;  this  is  also  true  of  most  all  insoluble  iodides.  Heat 
fuses  and  higher  temperature  decomposes  the  iodides  into  iodine,  the 
metal  or  its  oxide. 

These  salts,  like  the    bromides,  may  be  prepared  as  follows: 
(i)  By  direct  union  of  the  eletnents  : 

Fe  la  —         Felg. 

Iron.  Ferrous  Iodide. 

(2)  By  the  addition  of  iodine  to  the  hydroxide  of  an  alkali  metal, 

3la  i  6KOH         -=        5KI         +         KlOa         -f         aHtO. 

Potassium  Potassium  Potassium 

Hydroxide.  Iodide.  lodate. 


"Feals        -h 

4NagCOs 

FesOi 

+ 

8NaI 

Ferroso- 

Sodium 

Ferroso- 

Sodium 

Ferric  Iodide. 

Carlxmate. 

Fcrric  Oxide. 

Iodide. 
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For  the  removal  of  the  iodate,  the  mass  is  ignited  with  charcoal. 

KIOs  I  3C         -         KI  3CO. 

(3  J  By  interaction  between  an  alkali  carbonate  or  hydroxide  and  ferroso-ferric  iodide. 
The  latter,  known  only  in  solution,  is  prepared  by  mixing  reduced  iron  i  part,  iodine 
4  parts,  and  water  10  parts;  when  the  reaction  is  over,  the  solution  is  filtered  and  2 
parts  of  iodine  added. 

+        4CO9. 

Fesia        -f        8NH4OH  Fe304  8NH4I        +        4H2O. 

(4.)  By  interaction  between  potassium  iodide  and  a  soluble  sulphate  (compare  under 
Bromides,  page   174). 

Tests. — The  acid*  and  its  salts  may  be  detected  by  the  addition  of  a 
few  drops  of  freshly  prepared  starch  paste,  followed  by  chlorine  water, 
which,  when  added  drop  by  drop  with  agitation,  will  liberate  the  iodine, 
and  this  forms  the  blue  iodide  of  starch.  This  blue  color  disappears  on 
heating  and  reappears  on  cooling.  Excess  of  chlorine  destroys  the 
reaction,  owing  to  the  formation  of  colorless  iodic  acid. 

la         f         sCla         -i-         6HaO  2HIO3  loHCl. 

A  more  sensitive  test  is  the  substitution  of  i  or  2  cc.  of  chloroform  in 
place  of  the  starch  paste;  this  dissolves  the  slightest  trace  of  iodine  (0.05 
mgm.  KI)  with  a  pink  color.  The  chlorine  water  may  be  replaced  by 
cupric  or  ferric  sulphate  solution.  Hydriodic  acid  or  solutions  of  its  salts 
yield  insoluble  precipitates  with  solutions  of  lead,  silver,  mercury 
(ous,  and  ic),  and  copper  (pus).  Before  deciding  finally  on  the  presence 
of  hydriodic  acid  and  iodides,  one  must  be  sure  that  such  salts  as  the 
sulphites  and  thiosulphates  are  either  absent  or  are  complete' y  oxi- 
dized by  the  chlorine,  for  the  blue  color  will  not  appear  until  all 
readily  oxidizable  substances  are  oxidized.  A  few  organic  substances, 
notably  tannin,  interfere  with  the  formation  of  the  blue  iodide  of 
starch. 

IODINE    AND     CHLORINE. 

These  two  elements  unite  in  two  proportions,  forming  iodine  moiiochlonde, 
ICl,  and  iodine  trichloride,  ICla.  The  tormer  is  p^Apar^H  by  passipcr  jyy  r>^)nHnp 
over  dry  iodine^  until  thr  Ht»^^  ^'"  i^n""-***  ■»"^'o  "^  thick,  reddish-brown  liquid, 
which  sohdiAes  on  standing,  to  well-defined  crystals,  which  melt  at  24.7°.  It  is 
decomposed  by  water,  forming  iodic  acid,  hydrochloric  acid,  and  free  iodine.  As 
might  oe  expected,  it  does  not  color  solution  of  starch,  on  account  of  the  presence 
of  chlorine. 

Iodine  trichloride  is  prepared  by  continuing  the  passing  of  chlorine  over  the 
iodine  monochloride  until  a  solid  compound  is  obtained.  This  is  a  solid,  crys- 
talline compound,  of  a  yellow  color,  which,  when  heated  to  25°,  gives  oflf  chlorine, 
forming  the  monochloride.  It  partly  dissolves  in  water  and  is  in  part  de(X)mposed 
into  iodic  and  hydrochloric  acids  and  free  iodine.  A  solution  is  prepared  for 
medicinal  use  by  suspending  5.5  grams  of  iodine  in  22  grams  of  water^  and 
passing  in  chlorine  as  long  as  it  is  absorbed  by  the  well-cooled  mixture.  .  This 
contains  10  grams  of  the  trichloride.  The  aqueous  solution  of  iodine  trichloride 
is  a  powerful  antiseptic  and  disinfectant,  a  i  to  1 000  solution  being  sufficient  to' 
destroy  bacteria  of  all  kinds. 
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FLUORINE. 

Symbol,  F.  Atomic  Weight,  18.9.  Valence,  I. 

History. — The  art  of  etching  glass  by  means  of  a  mixture  of  fluor- 
spar and  sulphuric  acid  was  known  to  Schwankhard,  of  Nuremberg,  in 
1670.  Scheele  (1771)  was  the  first  to  note  that  this  action  was  due 
to  the  formation  of  an  acid.  The  constitution  of  hydrofluoric  acid  was 
settled  by  Gay-Lussac  and  Th(!*nard. 

Many  attempts  have  been  made  in  recent  years  to  isolate  the  element. 
Its  action  on  the  vessels  containing  it  and  its  intense  affinity  for 
moisture  prevented  its  separation  in  the  free  state  in  such  a  quantity  and 
degree  of  purity  as  to  be  of  any  value. 

In  1886,  Moissan,  by  passing  a  current  of  50  volts  and  15  amperes 
through  anhydrous  hydrofluoric  acid,  cooled  to — 23°,  and  contained  in 
a  U-shaped  tube  of  platinum,  succeeded  in  obtaining  the  free  element 
fluorine  as  a  colorless  gas  which  has  since  been  obtained  in  liquid  and 
solid  form.  In  1897,  Moissan  and  Dewar,  using  liquid  oxygen  as  a 
refrigerant,  succeeded  in  liquefving  fluorine  at  a  temperature  of 
—187^ 

Occurrence. — Fluorine  occurs  chiefly  as  calcium  fluoride  or  fluor- 
spar, CaFj,  and  as  sodium  and  aluminum  fluoride  or  cryolite,  3NaF.AlF5. 
The  former  of  these  is  widely  distributed  over  the  globe,  the  latter  is 
found  in  deposits  in  Greenland.  Fluorine  has  been  found  in  small 
quantity  in  sea  water,  in  many  mineral  waters,  in  the  bones  and 
teeth  of  man,  and  in  milk. 

Properties. — Fluorine  is  a  pale  greenish-yellow  gas  of  penetrating 
odor.  The  liquefied  gas  boils  at  — 187®  and  possesses  a  light  yellow 
color,  the  solidified  gas  fuses  at  — 223°.  When  free  from  hydrogen 
fluoride,  the  liquefied  gas  can  be  readily  preserv^ed  in  glass  vessels.  The 
density  of  the  gas  is  19,  while  in  the  fluid  state  its  density  is  1.14  (water 
-  i).  It  is  the  most  reactive  of  all  the  known  elements;  gold  and  plat- 
inum resist  its  action  at  moderate  temperatures,  while  oxygen,  nitro- 
gen, chlorine,  and  argon  are  indifferent  to  it.  Fluorine  combines  explo- 
sively with  hydrogen  even  at  a  temperature  of — 210,°  it  also  decomposes 
the  anhydrous  alkali  chlorides  and  hydrochloric  acid  gas,  liberating 
chlorine.  Water  is  decomposed  by  it,  with  formation  of-  hydrogen 
fluoride  and  ozone.  Cork  chars  and  ignites  in  the  gas  (CFJ  and  many 
organic  substancesj  like  benzene,  alcohol,  and  turpentine,  are  inflamed 
on  coming  in  contact  with  it.  Its  rapid  action  on  many  metals  at  ordi- 
nary temperatures  is  prevented  by  the  formation  of  a  coating  of  fluoride. 
Hydrogen,  sulphur,  phosphorus,  iodine,  arsenic,  antimony,  silicon,  boron, 
potassium,  and  sodium  combine  with  it  on  contact  with  great  energy, 
attended  by  heat  and  light.  When  liquefied  it  forms  a  clear  yellow  ver>' 
mobile  liquid.  At  the  temperature  of  its  liquefaction  ( — 187°)  it  no 
longer  attacks  glass,  nor  does  it  displace  iodine  from  iodides,  although  it 
still  inflames  benzene  and  oil  of  turpentine. 


H2S04 

CaSOi 

+ 

2HF. 

Sulphuric 

Calcium 

Hydroj^en 

Acid. 

Sulphate. 

Fluoride. 
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HYDROGEN  FLUORIDE.      HYDROFLUORIC  ACID. 

Formula^  HF.  Molecular  Weight,  19.9. 

Preparation. — ^The  pure  anhydrous  ax:id  is  prepared  by  heating  the  acid  sodium 
fluoridie  in  a  platinum  retort,  connected  witn  a  condenser  and  receiver  of  the 
same  metal. 

aNaF.jHF  -=         3HF  r         3NaF. 

rhe  principal  difficulties  arise  from  moisture  in  the  salt,  and  from  danger  of  in- 
haling the  vapor,  which  is  extremely  irritating  and  poisonous. 

The  dilutea  acid  is  more  easily  prepared  from  fluorspar  and  sulphuric  acid  in 
a  leaden  or  platinum  vessel.  The  vapor  is  conducted  through  a  tube  of  the  same 
metal  into  water  contained  in  a  lead,  platinum,  or  gutta-percha  vessel. 

CaF.         4- 

Calcium 
Fluoride. 

Properties. — The  pure  anhydrous  acid  is  a  colorless  liquid  which 
boils  at  19.4°.  Hydrogen  fluoride  forms  a  colorless,  intensely  corrosive 
gas  which  is  readily  soluble  in  water,  and  in  the  presence  of  moisture 
corrodes  glass,  porcelain,  earthenware,  and  the  metals,  excepting 
platinum,  gold,  and  lead;  the  non-metals  are  but  slightly  affected  by 
the  acid.  Because  of  its  exceedingly  caustic  action,  the  greatest  care 
should  be  exercised  in  handling  the  gaseous  acid  or  its  solution.  The 
most  concentrated  solution  (96.5  per  cent.)  has  a  specific  gravity  of 
1.25,  and  this  on  heating  gives  off  the  gas  until  the  specific  gravity  is 
reduced  to  1.15,  when  it  distils  unchanged  at  120°,  and  contains  36  to 
38  per  cent,  of  the  anhydrous  acid.  The  moist  vapors  or  the  aqueous 
acid  rapidly  attacks  glass,  combining  with  the  silica  as  follows  : 

4HF        + 

Hydrogen 
Fluoride. 

On  account  of  this  property,  one  of  the  most  important  uses  of  the 
acid  is  in  etching  glass.  That  portion  of  the  glass  to  be  preserved  from 
its  action  is  covered  with  a  film  of  wax  or  paraffin,  and  after  tracing 
the  design  or  letters  through  the  wax,  the  object  is  either  immersed  in 
the  liquid  or  is  exposed  to  the  vapors  of  the  acid  over  a  heated  leaden 
vessel  containing  a  mixture  of  powdered  fluorspar  and  sulphuric  acid.  In 
the  former  case  the  etching  is  deeper,  and  transparent ;  in  the  latter  it  is 
superficial  and  matt.  The  divisions  on  thermometers,  eudiometers,  and 
other  graduated  appatratus  are  marked  in  this  manner.  The  dilute  com- 
mercial acid  is  transported  in  gutta-percha  or  paraffine  (ceresin)  bottles. 

The  commercial  acids  vary  in  strength  from  38  to  55  per  cent,  of 
hydrogen  fluoride,  and  contain  from  2  to  10  per  cent,  of  hydro-fluo- 
silicic  acid  (HjSiF^)  with  from  traces  to  4  per  cent,  of  sulphuric  acid. 

Fluo-Silicic  Acid. — H2SiFg.  This  acid  results  when  1  he  vapors  of 
silicon  fluoride  are  passed  into  water  and  the  solution  filtered. 

3SiF4         -f-         4HaO         -- 
Silicon 
Flnoilde. 

Salts  of  this  acid  are  prepared  by  neutralization. 


SiOa 

SiF4         -r 

2HaO. 

Silicic 
Oxide. 

Silicon 
Fluoride. 

Water. 

H4Si04 

2HaSiFe. 

Ortho-Sllicic 

Fluoro-Silicic 

Acid. 

Acid. 
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Salts  and  Tests. — ^The  fluorides  of  the  alkali  metals  are  readily  sol- 
uble in  water;  the  fluorides  of  the  alkaline  earths  are  insoluble,  as 
well  as  those  of  copper,  lead,  zinc,  and  ferric  iron.  Calcium  chloride 
solution  yields  with  the  acid  or  soluble  fluorides  an  insoluble  calcium 
fluoride.     All  fluorides  when  mixed  with  sulphuric  acid  etch  glass. 

Aside  from  etching  purposes,  the  soluble  fluorides  and  silico-fluorides, 
especially  the  ammonium  salt,  are  employed  as  food  preservatives. 

THE  HALOGEN  GROUP. 

FLUORINE.  CHLORINE,  BROMINE,  IODINE. 

The  halogens  constitute  a  distinctive  grouj)  or  family  of  elements,  and  present 
striking  analogies  in  their  physical  and  chemical  properties.  Also  the  same  may 
be  said  of  their  various  compounds  with  the  other  elements.  Owing  to  the  readi- 
ness with  which  they  tend  to  form  salts,  analogous  in  physical  properties  to  sea- 
salt,  the  name  (a/.f,  d/.6c  —  sea  salt,  yiwau  =  to  produce)  halogens  has  been  applied 
to  the  entire  group. 

Physical  Properties. — 

F.  CI.  Br.  I. 

Atomic  weight 18.9  55.18  79.36  125.9 

Melting  point — 102**  — f^  -fii3® 

Boiling  point — 33**  763**  -t-200® 

Density  (liquid  or  solid)  1.33  3.18  4.97 

The  values  of  the  physical  constants  of  this  group  rise  in  ratio  to  the  increase  of 
atomic  weight. 

The  density  and  boiling  points  of  their  hydrides  exhibit  a  like  gradation. 

HF.  HCl.  HBr.  HI. 

Molecular  weight .   .   .      19.3  36.18  80.36  126.9 

Density 10.  18.2  40.4  63.9 

Boiling  point — 83.7°  — 64.9°  —34.1® 

Chemical  Properties. — The  chemical  deportment  of  these  elements  admits  like 
comparisons.  Thus,  the  comparative  affinities  of  the  halogens  for  hydrogen  de- 
crease in  accordance  with  their  increase  in  mole<!:ular  weight.  For  example, 
fluorine  and  hydrogen  combine  in  the  dark,  chlorine  and  hydrogen  on  exposure  to 
sunlight,  while  bromine  requires  a  temperature  of  200**  with  stmlight,  and  iodine 
combines  through  the  agency  of  platinum  sponge.  This  same  rule  applies  to  the 
relative  affinities  of  these  halogens  for  the  electro-positive  elements  and  the  com- 
parative stability  of  their  compounds.  Taking  tnem  in  the  order  of  increasing 
atomic  weight,  each  element  is  capable  of  displacing  any  one  of  those  following, 
from  its  inorganic  combination.  Thus,  fluorine  displaces  chlorine,  bromine,  and 
iodine.  The  facility  with  which  this  takes  place  increases  with  the  atomic  weight 
of  the  element.  The  stability  and  activity  of  the  halogen  acids  present  the  same 
comparisons.  Thus,  hydrogen  fluoride  is  the  most  stable  and  energetic  in  its 
chemic  deportment,  while  hydrogen  chloride  requires  a  temperature  much  above 
1500°  C.  for  its  decomposition;  hydrogen  bromide  is  less  stable,  and  breaks  up 
into  its  elements  at  800*  C. ;  the  least  stable  hydrogen  iodide  decomposes  at  gentle 
heat.  The  comparative  intensities  of  their  chemical  affinities  and  the  stability 
of  their  salts  decrease  in  like  ratio. 

From  the  preceding  we  have  seen  that  the  affinity  of  the  halogens  for  hydrogen 
diminishes  with  increasing  atomic  weight  from  F  to  I.  With  their  affimties  for 
oxygen  this  is  reversed.  Where  fluorine  fails  to  combine  with  oxygen,  the  chlorine 
and  bromine  compounds  are  quite  unstable;  the  iodine  compounds  are  the  most 
stable.  This  accounts  for  the  fact  that  iodine  will  liberate  chlorine  and  bromine 
from  their  higher  oxygen  compounds,  the  reverse  of  their  deportment  in  the  case 
of  the  hydrogen  and  metallic  compounds  of  the  halogens.  We  also  find  that  the 
stability  of  the  oxygen  acids  increases  with  the  addition  of  oxygen.  Thus,  HCIO, 
HClOs,  and  HBrO  are  very  weak  and  unstable,  while  the  acids  HC10«,  HBrOs, 
and  HIOs  are  energetic  and  very  stable. 


CHAPTER    IV. 

THE   OXYGEN   GROUP. 
OXYQBN,  SULPHUR,  SELENIUM,  TELLURIUM. 

OXYGEN. 

Symbol^  Ol  Atomic  Weight,  15.88.  Valence,  II. 

History. — Oxygen  was  discovered  by  Priestley,  of  England,  in  1771, 
but  he  did  not  publish  his  results  until  1774  for  he  was  long  in  doubt 
of  its  true  nature.  Scheele,  the  Swedish  apothecary,  likewise  isolated 
this  element  independently  and  nearly  simultaneously  with  Priestley. 
This  latter  investigator  prepared  oxygen  by  heating  red  oxide  of 
merciiry,  while  Scheele  obtained  his  by  heating  manganese  dioxide  with 
sulphuric  acid,  also  by  heating  nitrates  and  the  oxides  of  silver  and 
mercury.  Both  discoverers  noted  that  this  gas  was  capable  of  support- 
ing combustion  and  respiration  in  an  intensified  degree.  This  gas  was 
named  by  Lavoisier,  oxygeniiun  («$wv-  =  acid  and  yvrmm  —.  to  produce) , 
imder  the  impression  that  all  acids  contained  this  element. 

Occurrence. — Oxygen  is  the  most  widely  diffused  and  abundant  of  all 
the  elements.  In  combination,  it  constitutes  approximately  47  per  cent. 
of  the  crust  of  the  earth,  86  per  cent,  of  the  water,  and  in  the  free  state 
23  per  cent,  of  the  atmosphere.  Immense  quantities  of  this  gas  are 
given  off  daily  by  vegetation,  which  through  the  aid  of  sunlight  decom- 
poses the  carbon  dioxide  present  in  the  air  with  moisture  into  oxygen, 
retaining  the  carbon  and  hydrogen.  In  combination  with  carbon  and 
hydrogen,  oxygen  forms  the  basis  of  nearly  all  the  alkaloids  in  the 
vegetable  kingdom. 

Preparation. — (x)  By  heating  mercuric  oxide  {red  precipitate) : 

2HgO     =     2Hg     -I      Oa. 
(3)  By  heating  a  nitrate : 

2KNO8     =     2KNO2     +     Oa. 

(3)  ^y  ^^  electrolysis  of  water  : 

2HaO     =--     2Ha     +     O2. 

(4)  By  heating  manganese  dioxide  and  sulphuric  acid : 

aMnOs    +     2H^04     =    2MnS04     -i-     2U2O     +     O9. 

One  kilo  of  the  manganese  yields  184  grams  or  129  liters  of  oxygen. 
Other  oxides  rich  in  oxygen,   as  barium  dioxide,   potassium  persulphate  or 
potassium  bichromate,  may  be  used  to  replace  the  manganese  dioxide. 

2KaCra07     -f      8HaS04     =     2K2SO4     -\-     2Cr9(SO)3      j      8H2O  30a. 

(5)  Through  interaction  between  certain  salts  containing  oxygen,  as  potassium 
permanganate  or  the  hypochlorites,  and  hydrogen  peroxide: 

NaClO     -f     HaOa     =-     NaCl      \      HaO      f     Oa. 
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(6)  The  method  most  used  on  a  small  scale  at  the  present  time  consists  in  heat- 
ing a  mixture  of  four  parts  potassium  chlorate  and  one  part  manganese  dioxide. 

^         aKCIOa     -=     2KCI     -h     sOu.        ^ 

One  kilo  of  the  chlorate  yields  392  grams  or  276  liters  of  oxygen,  or  3.65  kilos  of  the 
salt  are  required  for  the  production  of  i  cubic  meter  of  the  gas.  Tne  action  of  the 
manganese  is  catalytic,  for  the  chlorate  will  yield  oxygen  when  heated  alone,  evolu- 
tion of  the  gas  begmning  at  370  to  380^.  However,  since  the  decomposition  is  exo- 
thermic (that  is,  heat  is  generatea  by  the  reaction),  the  evolution  of  eas  is  liable 
to  become  very  violent,  hence  the  addition  of  a  non-fusible  oxide  (MnOt)  when 
the  decomposition  begins  at  240®. 

The  purpose  of  such  a  catalytic  agent  is  to  accelerate  slowly  occurring  reactions; 
hence  a  steady  current  of  gas  is  obtained  at  a  much  lower  temperature,  and  with- 
out fusion  of  the  chlorate  and  liability  of  explosion. 

2KCIOS     =--     2KCI     +     30a. 

This  method  is  usually  carried  out  in  a  copper  or  iron  retort,  with  arrangements 
for  feeding  in  about  one  pound  of  the  mixture  at  a  time,  without  disconnecting. 

Every  new  lot  of  manganese  dioxide  should  be  tested  by  heating  a  small  quantity 
in  a  test-tube  with  some  chlorate,  in  order  to  prove  the  absence  of  sulphide  and 
impurities  of  an  organic  character,  which,  if  present,  would  cause  an  explosion 
when  heated. 

Afanganese  dioxide  (MnOs),  which  promotes  the  decomposition  of  the  chlorate, 
undergoes  little  or  no  alteration  during  the  process,  while  it  is  capable  of  3rielding 
oxygen  on  heating;  yet  the  temperature  of  its  decomposition  is  much  higher  than 
that  of  the  chlorate.  Lead  peroxide,  mercuric,  cupnc,  and  ferric  oxides  likewise 
share  this  property  of  manganese  dioxide.  We  have  other  instances  in  which  a 
body  promotes  decomposition  of  substances  without  suffering  any  permanent 
change  itself.  For  example,  finely  divided  gold,  platinum,  carbon,  and  manganese 
dioxide  decompose  solutions  of  hydrogen  peroxiae  into  water  and  oxygen.  Such  a 
phenomenon  is  termed  catalysis,  and  the  substances  which  promote  tnese  reactions 
are  catalvtic  agents.    The  oxygen  gas  thus  obtained  contains  some  ozone. 

(7)  The  alkali  and  al/ialine  earth  peroxides,  which  contain  relatively  high  per- 
centages of  oxygen,  will,  through  heating  or  treating  with  water  or  dilute  acids, 
give  up  oxygen ;  forming  lower  oxides  or  their  salts.  Thus,  sodium  peroxide  (N^rOa)t 
which  is  also  to  be  had  fused  in  cube  form  called  '*Oxone,**  will,  upon  adding  to 
water,  yield  a  very  pure  oxygen  (100  grams  furnishing  about  13  liters). 

2NaaOa         -h         2HaO         =         4NaOH         -}-         O2.       , 

Magnesium  calcium  or  barium  peroxide  (BaOa)  requires  the  addition  of  a  dilute 
acid,  hydrogen  dioxide  being  the  intermediate  product  which  decomposes  into  water 
and  oxygen. 

MgOa      ^       2CH3COOH  Mg(CH3COO)a     -      HaO      t      O. 

Acetic  Acid.  Magnesium  Acetate. 

The  calcium  peroxide  contains  from  13  to  15  per  cent,  of  available  oxygen, 
corresponding  to  10  liters  of  gas  per  100  grams  of  salt.  The  magnesium  peroxide 
contains  7  to  9  per  cent,  of  available  oxygen,  and  6  liters  of  gas  per  100  grams. 

A  number  of  processes  have  been  proposed  for  preparing  oxygen  on  a  larger 
scale  and  at  a  lower  cost  than  is  possible  by  the  preceding.  Among  the  more 
important  of  these  are  the  following  : 

(8)  The  Brin  Process. — This  is  based  on  the  fact  that  barium  oxide  will,  under 
certain  conditions,  take  up  oxygen  gas  from  the  atmosphere,  forming  a  peroxide, 
and,  when  heated  under  reduced  pressure,  is  decomposed  into  the  oxide  and  oxygen. 

BaO  O  BaOa  BaO         -^         O. 

Barium  Oxide.  Barium  Peroxide. 

Purified  air  is  forced  under  pressure  into  retorts  containing  barium  oxide 
heated  to  700®,  whereby  the  peroxide  is  produced.  The  air  supply  is  then  cut  off 
and  the  pump  is  reversed  so  as  to  form  a  vacuum,  whereby  the  peroxide  is  decom- 
posed into  Its  oxide  and  oxygen,  which  is  removed.  Each  kilo  of  barium 
peroxide  yields  about  10  liters  of  oxygen. 

(9)  From  Liquid  Air. — Liquid  air,  which  is  readily  prepared  on  a  commercial 
scale,  is  allowed  to  evaporate  at  the  ordinary  atmospheric  pressure.     The  nitrogen 


OXYGEN.  187 

gaSi  which  boils  at  a  much  lower  temperature,  escapes  more  rapidly  than  the 
oxygen  and  leaves  a  residual  gas  very  nch  in  oxygen.  This  oxygen,  which  still 
contains  some  nitrogen,  is  especially  adapted  for  inhalation,  owing  to  its  freedom 
from  other  noxious  gases. 

Physical  Properties. — Oxygen  is  a  colorless,  odorless,  and  tasteless 
gas.  It  is  slightly  «;Qluble  in  water.  100  volumes  of  the  liquid  at  o®  dis- 
solving 4.9  volumes  of  the  gas.  The  specific  gravity  of  oxygen  is  1. 1053 5 
(air  =1),  and  its  density  15.88  (H  =  i).  One  liter  of  the  gas  weighs 
1.429  gm.  at  o®  and  760  mm.  barometric  pressure.  The  critical  tempera- 
ture of  oxygen  is  — ii9°C.  and  critical  pressure  50.8  atmospheres. 
Liquid  oxygen  is  of  a  light-blue  color,  specific  gravity  of  1.132,  and  boils 
at — 183.6°  under  a  pressure  of  i  atmosphere.  At  — 252°  it  solidifies  to 
an  icy  mass ;  under  a  vacuum  of  9  mm.  it  boils  at  — 2  2  5°. 

Chemical  Properties. — Chemically,  oxygen  is  very  energetic,  com- 
bining directly  or  indirectly  with  all  elements  except  fluorine,  the  rare 
atmospheric  gases,  as  helium,  argon,  neon,  etc.,  and  the  metals  gold  and 
silver.  In  the  restricted  sense  of  the  term,  oxygen  is  not  a  combustible 
gas,  but  it  supports  the  combustion  of  many  elements  and  compounds. 
Since  combustion  in  the  ordinary  sense  is  the  result  of  chemical  action 
accompanied  by  the  production  of  heat  and  light,  it  then  follows  that 
oxygen  cannot  bum  in  the  air,  for  there  is  no  element  present  with 
which  it  will  combine.  A  stream  of  oxygen  issuing  from  a  jet  will, 
however,  bum  readily  in  an  atmosphere  of  hydrogen,  ammonia,  or 
stdphur  vapors,  for  it  readily  combines  with  either  of  these.  Like- 
wise such  non-combustible  gases  as  chlorine  or  ammonia  can  be  made 
to  bum  in  an  atmosphere  of  hydrogen  and  oxygen  respectively,  the 
chlorine  uniting  with  the  hydrogen  to  form  hydrochloric  acid,  while  the 
ammonia  is  oxidized  by  the  oxygen  to  nitrous  and  nitric  acids.  The 
experiment  may  be  reversed.*  It  therefore  follows  that  the  terms 
combustible  and  non-combustible  are  merely  relative  and  dependent  on 
conditions.  Ordinarily  the  term  combustible  is  restricted  to  such 
elements  or  substances  which  bum  in  the  atmosphere  (page  289). 

Respiration  is  a  process  of  combustion  in  which  the  inhaled  oxygen  combines 
with  the  haemoglobin  of  the  blood,  oxidizing  the  carbon  of  the  waste  tissue, 
which  is  exhaled  as  carbonic  oxide,  while  the  other  oxidation  products  are  elimi- 
nated thix>ugh  the  urine,  etc. 

With  some  elements,  as  potassium,  sodium,  and  phosphorus,  oxygen 
combines  at  ordinary  temperature,  while  with  others,  as  sulphur,  carbon, 
and  iron,  an  elevated  temperature  is  necessary.  When  mixed  with  hydro- 
gen, the  two  explode  violently  on  the  application  of  a  flame,  the  product 
being  water.  The  above  phenomena  embrace  what  is  known  as  oxida- 
tion, and  the  products  of  the  reactions  are  termed  oxides.  The  various 
oxides  may  be  divided  into  the  following  classes : 

(i)    Oxides  of  the  non-metals  or  acid-forming  oxides  (see  page  133). 


SOt        + 

HaO 

-         HaSOa. 

Sulphur  Dioxide. 

Sulphurous  Acid 

SO,          + 

H2O 

=           H2SO4. 

Salpihur  Triozide. 

Sulphuric  Acid. 
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(2)    Oxides  of  the  alkali  nwtals  apid  alkaline  earths ,  which  form  alkali 
hydroxides  (bases)  with  water  (see  page  136). 


NaaO 

HaO 

2NaOH. 

Sodium  Oxide. 

Sfodium  Hydroxide. 

BaO            - 

HsO 

Ba(OH)2. 

Barium  Oxide. 

Barium  Hydroxide. 

(3)  Oxides  of  the  heavy  metals,  or  insoluble  oxides.  Some  of  this  class 
represent  different  stages  of  oxidation,  as,  for  example : 

PbgO.    Lead  Suboxide. 

PbO,     Lead  Oxide  (Plumbous  Oxide. 

PbaOs,  Lead  Sesquioxide. 

PbOa,    Lead  Peroxide  (Plumbic  Oxide). 

Uses. — Except  in  the  nascent  state,  oxygen  has  no  bleaching  action. 
In  aging  wines  and  liquors  the  gas  has  been  found  effective  when  forced 
into  the  liquid  under  a  pressure  of  one  or  two  atmospheres,  and  to  accom- 
plish in  a  short  time  what  usually  requires  years  by  the  ordinary  method 
of  storage.  It  has  also  been  found  to  assist  in  the  removal  of  sulphur 
from  illuminating  gas  when  mixed  with  the  latter  previous  to  its  passage 
over  the  lime.  Also  in  the  removal  of  silicon  from  pig  iron,  and  the  prepa- 
ration of  sulphur  trioxide.  Oxygen  gas,  when  properly  associated  with 
hydrogen  or  illuminating  gas,  is  used  in  certain  metallurgical  operations, 
— for  example,  fusing  platinum,  where  a  high  temperature  is  required, 
and  for  furnishing  a  brilliant  light,  as  in  the  oxy hydrogen  lantern.  Oxygen 
is  extensively  employed  as  an  inhalant  for  stimulating  the  action  of  the 
heart  in  diseases  of  the  lungs.  For  this  purpose  it  is  used  either  pure  or 
admixed  with  some  nitrous  oxide. 

Oxygen  may  be  identified  indirectly  when  present  in  mixtures  of 
gases,  through  its  absorption  by  an  alkaline  solution  of  pyrogallol  (10  p. 
of  pyro,  24  p.  of  potassiimi  hydroxide,  and  100  p.  of  water). 

OZONE. 

ACTIVE    OXYGEN. 

Fortnu/a,  Oa.  Molecular  Weight,  47.64. 

History. — The  odor  prevailing  about  a  static  electric  machine  when 
in  action,  and,  to  a  slight  extent,  in  the  air  after  a  lightning  stroke, 
was  long  known,  but  first  described  by  Van  Marum  in  1785,  who 
noticed  this  same  odor  in  the  gas  given  off  from  the  anode  when 
acidulated  water  was  subjected  to  electrolysis,  and  also  from  phos- 
phorus when  exposed  to  moist  air.  Schonbein,  in  1840,  gave  it  the 
name  Ozone,  from  the  Greek  o!iu»,  signifying  *'  I  smell." 

Occurrence. — Ozone  is  found  in  minute  and  variable  quantities  in  the  atmos- 
phere which  is  remote  from  large  cities,  and  is  especially  noticeable  after  a  thunder- 
stomi.  Various  volatile  oils  and  turpentine  when  exposed  to  light  -and  air  absorb 
oxygen  with  formation  of  peroxides,  which,  like  ozone,  oxidize  and  bleach  ener- 
getically.    This  action  was  formerly  ascribed  to  ozone. 

Preparation. — (i)  Ozone  is  evolved  at  the  positive  pole  in  the  electrolysis  of  water 
acidified  with  sulphuric  or  chromic  acids.      (2)    It  is  also  formed  by  the  sUent 


dischargr  of  eUctricily  tkrougk  air  or  oxygen.  For  this  purpose  a  Siemens  ozonizing 
tube*  (rig.  95)  is  employed.  (3)  When  phosphorus  is  aUmved  to  slowly  oxidize  in 
the  air,  or  oxygen  is  passed  over  pieces  of  moist  phosphorus.  This  is  best  accomplished 
by  standing  two  or  three  sticks  of  phosphorus  on  end  in  a  dish  containing  a  shal 


E' 


red  bell -jar  is  then 


at  they  a 


.■  the  appropriate  tests,     (4}  By  passing  oxygen  over  manga- 
■se  dioxide  0AnO%j  or  red  lead  {PosOt).  healed  nol  above  400°. 


.  s  of  the  Siemens  tube,  the  quan^ 
(cceds  6  per  cent.;  however,  il  may 
.inea  nearly  pure  (86  per  cent.)  by  cooling  this 
by  means  of  boiling  liquid  oxygen,  whereby  the 
indenses  to  an  indigo-blue  fluid  which  may  be  sejhi 
arated  from  the  oxygen  through  the  fact  that  it  boils  at  a 
much  lower  temperature.     Ozone  boils  at  — iid°  (760  mm). 

Properties. — Ozone  is  a  colorless  gas  with  a  pecu- 
liar odor,  such  as  is  noticeable  about  moist  phos- 
phorus. It  reverts  very  gradually  into  ordinary 
oxygen,  which  change  is  hastened  upon  heating. 
Ozone  dissolves  readily  in  the  volatile  and  fixed  oils 
(cod-liver  oil  dissolving  200  volumes),  and  at  12° 
water  dissolves  one-half  volume  of  the  gas,  which 
solution  is  gradually  converted  into  oxygen  and 
hydrogen  dioxide  (Hp  +  0,  ^  Oj  +  HA)-  si™*..*  ownizing  tub.. 
Characteristic  of  ozone  is  its  active  oxidizing 
properties  in  the  presence  of  moisture,  one-third  of  the  (nascent) 
oxygen  entering  into  the  reaction  while  a  molecule  of  inactive  oxygen 
remains.  It  oxides  (bleaches)  organic  colors,  such  as  indigo,  litmus, 
etc.;  phosphorus,  sulphur,  arsenic,  and  all  metals,  excepting  gold  and 
platinum,  are  converted  into  their  respective  highest  oxides,  ammonia 
is  oxidized  to  ammonium  nitrate.  Silver  is  blackened  through  the 
formation  of  black  silver  peroxide,  white  lead  hydroxide  is  converted 
into  brown  lead  peroxide  ;  black  lead  sulphide  is  oxidized  into  white 
lead  sulphate. 

Detection. — (a)  Paper  moistened  with  potassium  iodide  solution 
and  starch  paste  turns  blue  when  exposed  to  an  atmosphere  of  ozone, 
the  reaction  being  2KI  +  HjO  +  03^0,+  2KOH  +  I^.  Other 
oxidizing  agents,  as  chlorine,  bromine,  nitrogen  dioxide,  and  hydrogen 
dioxide,  also  produce  this  reaction.  (6)  Paper  impregnated  with  tincture 
of  guaiac,  and  moistened  with  water,  turns  blue,  (c)  The  bright  surface 
of  silver  is  blackened  by  ozone;  no  other  oxidizing  agent  will  produce 
this  effect,  (d)  Paper  moistened  with  a  solution  of  tetra-methyUdiamido- 
diphenyl-methane  in  acetic  acid,  gives  a  violet  with  ozone,  yellow  with 
nitrogen  dioxide,  deep  blue  with  chlorine  or  bromine,  and  no  color  with 
hydrogen  dioxide. 

Composition. — The  density  of  ozone  is  23.82  (one-half  more  than  oxy- 
gen), its  molecular  weight  is  47.64,  then  if  the  atomic  weight  of  oxygen  is 


■  This  consists  of  a  (lass  tube  covered  with  tin-foil,  1 

larger  one  covered  on  the  outside  with  tin-foil.     The . 

are  connected  with  the  poles  of  an  induction  coil  while  a  current  of 
passes  thnAigh. 


hich  is  placed  inside  of  a 

'   "  coatings 

r  oxygen 
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15.88,  it  follows  that  the  molecule  of  ozone  contains  3  atoms  of  oxygen 

/0-0\ 

(  \/  1 .    Two  volumes  of  ozone  will  yield  three  volimies  of  oxygen, 

and  only  one  (nascent)  atom  of  the  three  serves  as  the  oxidizing 
agent.  The  two  atoms  of  the  molecule  of  ordinary  oxygen  are  finnly 
linked ;  but  with  the  introduction  of  a  third  atom,  as  in  ozone,  a  very 
imstable  condition  results. 

Uses. — Ozone  is  employed  in  industrial  bleaching  processes;  for  the 
destruction  of  fusel  oil  in  alcohol;  for  the  cleansing  of  wine  and  beer 
casks,  and,  finally,  for  the  sterilization  of  water. 

OXYGEN    AND    HYDROGEN. 

These  elements  combine  in  two  proportions : 

Hydrogen  Monoxide,  or  Water,  H,0. 
Hydrogen  Dioxide,  HjO,. 

WATER. 

Formula,  HaC  Molecular  Weight,  17.88. 

History. — The  observation  by  Cavendish  (1781),  that  water  was  the 
product  of  the  combustion  of  hydrogen,  broke  down  the  ancient  belief 
in  the  elementary  nature  of  water.  This  experiment  of  Cavendish  was 
confirmed  by  Lavoisier,  in  1783,  who  decomposed  water  into  its  ele- 
ments and  demonstrated  that  it  was  composed  of  one  part,  by  weight 
of  hydrogen,  and  eight  parts,  by  weight,  of  oxygen.  Gay-Lussac  (1805) 
proved  the  volume  composition  of  water  to  consist  of  two  volumes  of 
hydrogen  and  one  volume  of  oxygen. 

Occurrence. — In  addition  to  the  abundant  natural  occurrence,  as 
we  are  accustomed  to  see  it,  water  is  very  widely  distribiSted  in  such  a 
way  as  to  escape  casual  observation.  It  is  present  in  green  plants  to  the 
extent  of  from  75  to  90  per  cent.,  in  fruits  from  80  to  95  per  cent.,  in  the 
animal  body  from  75  to  80  per  cent.,  while  the  soil  averages  from  5  to  30 
per  cent,  of  moisture.  Considerable  but  variable  quantities  exist  in  the 
atmosphere.  The  surface  of  all  solids  is  covered  with  a  layer  of  moisttu^, 
the  amount  of  which  varies  according  to  the  temperature  of  the  body 
and  the  percentage  of  moisture  in  the  air.  For  this  reason,  in  the  acctu'ate 
determination  of  weight,  bodies  are  first  dried  by  heat  and  then  cooled 
in  desiccators  before  weighing.  As  water  of  crystallization  and  hydra- 
tion, water  enters  very  extensively  into  the  composition  of  chemicals. 

Formation. — The  simplest  method  of  forming  this  compound  from 
its  elements,  hydrogen  and  oxygen,  and  proving  the  product  to  be  water, 
is  to  bum  a  jet  of  hydrogen  in  air,  and  hold  over  the  flame  a  cool  bell-jar. 
which  will  immediately  become  coated  with  a  film  of  moisture.  When  a 
mixture  of  the  two  gases  is  brought  in  contact  with  a  flame,  a  violent 
explosion  results.  If,  however,  they  are  brought  together  at  the  moment 
of  their  combination,  so  as  to  prevent  explosion,  the  mixture  will  bum 
with  a  very  intense  heat  (about  2500®).    The  apparatus  by  which  this 
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is  accomplished  is  illtistrated  in  Fig.  96,  and  it  is  known  as  the  oxy hydro- 
gen blowpipe.  The  hydrogen  or  coal  gas  is  introduced  through  the  tube  a 
and  ignited  at  d;  oxygen  is  then  introduced  through  c.  When  the  jet 
is  directed  against  a  piece  of  freshly-burned  lime,  we  have  the  oxyhy- 
drogen  lamp,  the  incandescent  lime  of  which  gives  an  intense  light. 

This   is   an   intensely    exothermic   reaction,    68,400    calories    being 
developed  in  the  formation  of  water  from  its  elements.  p,^  ^^ 

Through  the  ignition  of  two  grams  of  hydrogen  suf- 
ficient heat  is  generated  to  raise   684  grams  of  water 

Fig.  96. 


Oxyhydrogen  blowpipe.  Ure*9  eudiometer. 

from  0°  to  100°.  The  mixture  of  oxygen  and  hydrogen  is  known  as 
"detonating  gas,"  for  when  ignited  by  means  of  a  spark  or  spongy  plati- 
num, combination  takes  place  with  explosive  violence.  Water  is  also 
the  product  of  many  chemical  reactions. 

Composition. — Analjrtically,  the  composition  of  water  may  be  demonstrated 
through  the  electrolysis  of  water  (acidulated  with  sulphuric  acid),  which,  when 
carried  out  in  the  Hoffman  eudiometer  (Fig.  89).  yields  two  volumes  of  hydrogen, 
which  collects  in  the  arm  containing  the  negative  electrode,  and  one  volume  of 
oxygen  in  the  other  with  positive  electrode. 

Synthetically,  the  composition  of  water  may  be  proven  either  by  volume  or 
weight.  Volumetrically,  oy  introducing  exactly  i  volume  of  oxygen  and  2  volumes 
of  hydrogen  over  a  column  of  mercury  contained  in  a  eudiometer  tube  (Fig.  97). 
After  exploding  tjiis  mixture  by  means  of  an  electric  spark,  all  the  gas  will  have 
disappeared  and  the  tube  will  be  filled  with  mercury,  excepting  a  very  small  quantity 
of  water  which  has  been  formed.  Should  the  two  gases  introduced  be  in  proportions 
other  than  the  above,  any  excess  of  one  or  the  other  will  remain  after  the  explosion. 
If  the  arm  of  the  eudiometer  containing  the  water  be  heated  above  100  oegrees, 
the  latter  will  be  converted  into  steam,  which  will  measure  two- thirds  of  the  volume 
of  the  two  gases  employed.^  That  is,  2  volumes  of  hydrogen  and  i  volume  of  oxy- 
^;en  yield  2  volumes  of  steam.  Gravimetrically,  the  quantitative  synthesis  of  water 
IS  carried  out  .by  conducting  pure  dry  hydrogen  over  a  weighed  quantity  of  heated 
copper  oxide,  the  resulting  water  oeing  collected  and  weighed.  The  weight  of 
the  copper  oxide  after  the  reduction  is  also  noted.  The  loss  in  weight  sustained 
by  the  copper  oxide  represents  the  oxygen  consumed,  and  this  subtracted  from 
the  water  formed  is  thenydrogen.  For  example:  6.57  grams  of  copper  oxide  lost 
1.3 1  gram  of  oxygen,  which  m  turn  yielded  1.475  gram  of  water.  The  hydrogen 
consumed  would  be  equivalent  to  1.475  —  ^-31  —  01 65  gram.  Then  the  ratio  of 
hydrogen  to  oxygen  would  be  0.165  to  1.3 1,  or  i  to  7.94,  which  represents  the 
combining  weights  of  th^  two  gases.  Since  the  vapor  density  of  water  is  8.94,  its 
molecular  weight  must  be  17.88  (2  X  8.94),  and  of  this  2  parts  by  weight,  or 
iwo  atoms,  are  hydrogen,  and  15.88  parts  by  weight,  or  one  atom,  of  oxygen. 

Properties. — Pure  water  is  an  odorless  and  tasteless  liquid.  In 
small  quantities  it  is  colorless,  but  in  deep  layers  it  has  a  bluish-green 
color;  it  is  but  slightly  compressible  and  a  poor  conductor  of  heat  and 
electricity.  When  cooled,  water  contracts,  reaching  its  greatest  density 
at  4-4®.    The  metric  gram  represents  the  weight  of  i  cc.  of  water  at 
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this  temperature.  Upon  further  cooling,  water  expands,  and  upon 
solidifying  this  expansion  amounts  to  about  9  per  cent,  of  its  volume. 
The  specific  gravity  of  water  at  its  greatest  density  has  been  selected  as 
1. 000;  at  0°  it  is  0.99987,  hence  ice  (0.9173)  floats  in  water.  While  the 
freezing  point  of  water  may  vary  under  certain  conditions, — for  instance, 
under  pressure, — the  melting  point  remains  constant  at  o®.  When  wa- 
ter crystallizes  (hexagonal  system),  heat  is  set  free,  while,  on  the  other 
hand,  when  ice  is  fused,  heat  is  absorbed;  this  is  true  of  all  fluids  and 
solids  when  they  pass  from  one  state  of  aggregation  into  another. 
With  ice  or  water  this  heat  consumption  or  liberation  amounts  to  79 
calories.  That  is,  in  order  to  fuse  i  kilo  of  ice,  a  quantity  of  heat  will 
be  required  which  is  capable  of  raising  79  kilos  of  water  through  one 
degree  centigrade.  At  all  temperatures  water  is  constantly  undergoing 
evaporation,  increasing  in  rapidity  with  the  temperature  and  diminish- 
ing with  the  increase  of  pressure  and  tension  of  the  aqueous  vapor  of 
the  atmosphere  above. 

The  boiling  point  of  water,  like  that  of  all  other  liquids,  bears  a  con- 
stant relation  to  the  pressure.*  Under  one  atmosphere  (the  ordinary 
pressure,  760  mm.)  the  boiling  point  is  constant;  the  application  of 
more  heat  only  causes  the  liquid  to  boil  faster,  but  does  not  increase  its 
temperature.  When,  however,  the  liquid  is  confined  under  a  pressure 
of  two  atmospheres,  the  temperature  will  rise  on  the  application  of 
heat  to  1 20.6°,  when  boiling  will  commence. t  One  volume  of  water  at 
100°  will  yield  1696  volumes  of  steam,  the  heat  of  vaporization  being 
536.5  calorics. 

Water  is  a  neutral,  indifferent  substance  which  is  decomposed  by 
various  metals.  Potassium,  sodium,  and  calcium  decompose  it  at  ordi- 
nary temperature  with  liberation  of  hydrogen;  thus. 


K, 


2Ha() 
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+ 
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♦The  following  laV)lc  gives  the  temjjerature  at  which  water  boils  under  an  in- 
crease of  pressure. 
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t  Below  the  ordinary  boiling  jx>int  of  water  the  pressure  is  best  ex 
millimeters  of  mercury,  as  follows: 
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Other  metals,  as  iron,  copper,  zinc,  lead,  nickel,  etc.,  decompose  water 
only  at  high  temperature. 


3FC         +         4H2O        Zlii        Fe804         +        4Ha. 


Fcrroso-ferric 
Oxide. 

This  is  a  reversible  reaction,  the  oxide  being  reduced  to  metallic  iron  by  the 
hydrogen  at  a  still  higher  temperature. 

The  halogens  will,  under  certain  conditions,  decompose  water  with 
liberation  of  oxygen  which  in  turn  acts  as  an  oxidizer,  while  the  hydrogen 
forms  a  haloid  acid. 

2CI2         +         2HaO         =         4HCI         -f         O2. 

la         4-         HaSOs         +         HaO         =         2HI  -f         HaS04. 

Salphurous  Sulphuric 

Acid.  Acid. 

Water  combines  with  many  bodies  with  considerable  energy.  Of 
these  the  most  striking  are  certain  electro-positive  oxides,  as  potassium 
oxide,  KjO,  and  calcium  oxide,  CaO,  which  form  bases  (hydroxides)  as 
follows : 

KaO         -f         HaO         =         2KOH.     '' 
CaO         -f         HaO         =r         Ca(OH)a. 

With  the  oxides  of  certain  electro-negative  elements  it  combines 
energetically  to  form  acids,  as  follows: 

SOs         -V         HaO         ==         HaSO*.    ^ 
Pa05         +       3HaO         ^        2H3PO4. 

The  above  reactions  are  all  strongly  exothermic. 

Water  is  a  very  stable  compound,  withstanding  a  temperature  of 
1000^;  above  this  point,  dissociation  takes  place  very  gradually,  being 
half  complete  at  2500®. 

Being  readily  obtainable  in  pure  state,  water  is  employed  as  the  stand- 
ard in  specific  gravity,  specific  heat,  temperatures,  and  in  the  metric 
weights  and  measures.  Because  of  its  neutral  characters,  water  serves 
as  an  universal  solvent. 

Water  of  Crystallization. — Many  chemicals  in  crystallizing  from  a  state  01 
solution  assume  molecular  compounds  with  the  water  as  water  of  crystallization. 
The  quantity  of  such  water  taken  up  by  a  salt  at  a  given  temperature  is  always 
the  same;  but  at  difiFerent  temperatures  a  salt  may  unite  with  different  quantities 
of  water  to  form  crystals  belonging  to  different  systems. 

Thus  sodium  carbonate  forms  at  ordinary  temperature  monoclinic  crystals, 
Na^COa  -i-  loHaO,  between  30®  and  50°,  rhombic  prisms  NaaCOa  -4-  yHaO,  and 
when  crystallized  from  a  saturated  solution  above  35**,  NaaCOa  -!-  HaO.  Common 
salt  crystallizes  at  — 7**  as  NaCl  4-  aHaO,  at  — 25**  as  NaCl   r  loHaO. 

In  many  instances  the  color  of  the  salt  is  determined  by  the  presence  of  water 
of  crystallization,  thus  anhydrous  copper  sulphate  is  white,  while  the  crystals  are 
blue;  cobaltous  chloride  with  two  molecules  of  crystal  water  is  blue,  while  the 
salt  which  contains  six  molecules  of  water  is  red. 

Water  of  Constitution. — Certain  salts  contain  water  of  hydration  which  is  more 
firmly  united  with  the  molecule  than  the  water  of  crystallization.    Thus  MgSO« 
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4-  yHaO  when  heated  to  150®,  loses  six  molecules  of  water,  the  remaining  one  es- 
caping at  above  200®.  This  one  molecule  of  water  may  be  replaced  by  potassium 
or  ammonium  sulphate,  giving  rise  to  isomorphous  double  salts. 

FeS04     +    7HaO.        FeS04.(NH4)aS04    +    6H2O. 

MgS04    -h    7HaO.        MgS04.KaS04      +    6HaO. 

Efflorescence. — Many  crystalline  salts  when  exposed  to  the  air  gradually  lose  their 
water  of  crystallization,  disintegrating  to  a  powder.  Notably  among  this  class 
are  sodium  carbonate,  sodium  sulphate,  copper  sulphate  and  ferrous  sulphate. 

Hygroscopic  salts  are  such  as  attract  moisture  from  the  air,  and  when  they  dis- 
solve therein,  forming  solutions,  they  are  said  to  deliquesce. 

xj  Distilled  Water. — The  various  gaseous,  saline,  and  other  impurities 

present  in  natural  waters  preclude  their  employment  in  the  preparation 
of  solutions  of  many  chemicals  which  are  used  as  reagents  in  analysis 
and  for  medicinal  purposes.  For  the  removal  of  these  we  resort  to  dis- 
tillation, using  either  a  glass  or  block- tin  condenser,  and  reject  the  first 
portions  (containing  gases)  which  distil  over,  and  then  collect  about  80 
per  cent,  of  the  whole.  The  small  portion  of  water  remaining  in  the 
still  contains  the  solid  impurities  and  should  be  washed  out  before  intro- 
ducing another  portion. 

Distilled  water  should  be  free  from  odor,  taste,  and  perfectly  neutral 
in  reaction.  It  should  give  no  reaction  for  inorganic  acid  radicals,  salts, 
ammonia  or  organic  substances,  and,  when  recently  prepared,  leave  no 
residue  upon  evaporation.  When  kept  for  any  time  in  glass  containers 
variable  quantities  of  soluble  matter  (silicates)  are  taken  up.  This 
may  amount  to  as  much  as  0.060  gram  per  liter,  depending  upon  the 
kind  of  glass  of  the  container  and  the  time  of  standing.*  Distilled 
water  exerts  a  slight  solvent  action  upon  metals,  hence  contact  with 
lead  or  copper  or  their  alloys  should  be  avoided. 

Natural  Waters. — These  include  all  such  waters  as  occur  naturally 
upon  the  surface  of  the  earth  which  are  more  or  less  impure  from  the 
presence  of  dissolved  gases  and  various  inorganic  substances.  These 
waters  may  be  classed  as  rain,  spring,  mineral,  and  sea  waters. 

(1)  Rain  Water. — This  is  the  purest  form  of  natural  water,  provided 
it  can  be  collected  free  from  contamination.  Ordinarily  when  collected 
in  the  vicinity  of  cities  it  contains  such  gases  as  carbon  dioxide,  ammonia, 
sulphurous  oxide  and  nitric  acid,  with  small  quantities  of  foreign  sus- 
pended matter  which  are  present  in  the  atmosphere  and  are  carried 
down  with  the  rain  drops. 

(2 )  Spring  Water. — The  water  supply  of  cities  is  usually  taken  from 
lakes  or  rivers  which  are  supplied  from  smaller  streams  and  springs.  The 
water  from  such  sources  having  been  in  contact  with  the  earth  holds  in 
solution  variable  quantities  of  inorganic  compounds,  the  nature  and 
quantity  of  which  depends  upon  the  rock  formation  of  the  region. 
Usually  these  waters  contain  chiefly  the  carbonates  and  sulphates  of 


♦When  kept  for  one  month  in  a  green  glass  bottle,  1000  cc.  of  distilled  watcf 
took  up  14  milligrams  of  soluble  silicates;  from  a  brown  glass  bottle  58  milligrams, 
and  when  boiled  for  two  hours  in  Bohemian  glass,  one  liter  of  water  took  up  20 
milligrams  of  soluble  matter. 
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calcium  and  magnesium,  with  smaller  amounts  of  the  alkalies,  iron,  silica, 
and  organic  matter.  Spring  and  well  waters,  which  contain  more  solids 
than  lakes  and  rivers,  usually  range  from  4  to  180  parts  of  total  solids 
per  100,000.  When  the  total  solids  run  above  100  parts  they  are  classed 
as  mineral  waters,  provided  these  possess  medicinal  value.  Water  taken 
from  rivers  is  usually  very  impure  because  of  sewage  contamination, 
hence  such  must  first  undergo  filtration  before  using.  Water  intended 
for  domestic  piuposes  is  designated  as  potable,  and  should  be  pure  from 
a  sanitary  standpoint.  For  drinking  purposes,  the  presence  of  dissolved 
dioxide  and  inorganic  salts  are  essential,  since  these  impart  the  sparkle 
and  agreeable  taste, — without  these,  water  is  insipid. 

All  potable  waters  must  be  free  from  sewage  and  surface  drainage 
which  carries  considerable  organic  matter  possibly  laden  with  disease 
germs.  Organic  matter  (indicated  by  the  blackening  through  heating 
of  the  residue  after  evaporating)  is  present  in  all  varieties  of  potable 
water;  however,  the  presence  of  this  in  greater  or  lesser  amounts  does  not 
necessarily  condemn  water  for  drinking  purposes.  While  the  presence  of 
organic  matter  is  essential  to  the  development  of  microorganisms,  yet 
this  does  not  necessarily  indicate  that  a  water  is  harmful  until  a  bacterio- 
logical examination  has  determined  whether  such  organisms  are  patho- 
genic or  not. 

Waters  taken  from  shallow  springs  or  wells  which  receive  surface 
drainage,  or  such  as  are  in  proximity  to  bams  or  cesspools,  as  well  as  the 
water  of  rivers  or  lakes  which  receive  the  drainage  of  cities,  arc  always 
to  be  regarded  with  suspicion.  Sewage  contamination  is  indicated  by 
the  presence  of  nitrites,  nitrates,  larger  quantities  of  chlorides,  free  and 
albuminoid  ammonia  with  organic  matter. 

Hard  and  Soft  Waters. — One  of  the  chief  factors  which  determines 
the  value  of  water  for  domestic  and  manufacturing  purposes  is  its  hard- 
ness. This  is  due  to  the  presence  of  calcium  and  magnesium  salts,  which 
form  insoluble  precipitates  with  soap,  whereby  the  water  fails  to  lather 
and  cleanse  until  these  salts  have  been  completely  precipitated.  When 
employed  for  feeding  boilers  hard  waters  form  a  more  or  less  coherent 
deposit  called  boiler  scale,  which  causes  clogging  and  frequent  burning 
out  of  the  tubes.  This  is  chiefly  composed  of  carbonate  and  sulphate  of 
calcium  with  some  iron  oxide  and  silica. 

Temporary  hardness  is  caused  by  the  presence  of  the  bicarbonatcs  of 
calcium  and  magnesium,  which  may  be  removed  by  boiling,  whereby 
the  free  carbonic  acid,  which  has  held  the  insoluble  carbonates  in  solu- 
tion, passes  off  and  precipitation  ensues.  Ca(HCO^)^  -|-  heat  ^—  CaCO.^ 
+  HjO  +  COj.  This  temporary  hardness  may  also  be  removed  through 
the  addition  of  alkali  carbonates  or  hydroxides,  thus: 

Ca(HC08)2     f     Ca(OH)2  2CaC03      I      2H2O. 

Ca(HC08)a     -f-      NaaCOa  CaCOa      I      2NaHC03. 

Pemtaneni  hardness.-^— -Aiter  water  has  lost  its  temporary  hardness 
through  boiling,  it  may  still  remain  more  or  less  hard.    This  is  due  to  the 
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presence  of  sulphates  and  chlorides  of  calcium  and  magnesium,  one  or 
both.  These  may  be  removed  through  the  addition  of  soluble  carbonates 
whereby  the  calcium  or  magnesium  precipitate  as  carbonates.  The 
soluble  alkali  sulphate  which  remains  in  solution  exerts  a  deleterious 
action  when  the  water  is  used  in  boilers. 

CaS04     -r     NaaCOs      -^     CaCOs     +     NaaSO*. 

Water  is  said  to  have  one  degree  of  hardness  when  it  contains  one  part 
of  calcium  carbonate  or  its  equivalent  in  one  hundred  thousand.  The 
degree  of  hardness  is  determined  by  agitating  the  sample  of  water  with 
a  standard  solution  of  soap  until  a  permanent  lather  is  produced.  The 
standard  solution  of  soap  is  prepared  by  agitation  with  calcium  chloride 
solution  of  known  strength.  Each  degree  of  hardness  indicates  the 
destruction  and  waste  of  twelve  parts  of  the  best  hard  soap  by  one 
hundred  thousand  parts  of  water. 

(3)  Mineral  Waters  may  be  considered  a  class  of  spring  waters, 
since  they  are  found  either  in  springs  or  wells.  When  a  water  contains 
so  much  mineral  or  gaseous  matter  as  to  render  it  unfit  for  domestic  use, 
it  frequently  becomes  more  or  less  valuable  for  medicinal  purposes  de- 
pending on  the  nature  of  the  mineral  matter  present.  Such  waters  are 
often  designated  by  the  character  of  their  most  important  medicinal 
constituent.    Therefore  we  have  the  following  varieties  : 

Carbonated  waters,  or  those  which  contain  carbon  dioxide  in  considera- 
ble quantity,  often  holding  in  solution  calcium  and  magnesium  carbon- 
ates. Such  waters  often  effervesce  on  coming  to  the  surface.  The  Wau- 
kesha water,  from  Waukesha,  Wisconsin,  the  ApoUinaris,  and  the 
Marien  Spring  are  examples  of  this  class. 

Sulphtir  waters  contain  hydrogen  sulphide,  and  deposit  sulphur  on 
exposure  to  the  atmosphere.  Sometimes  both  sulphuretted  hydrogen 
and  carbon  dioxide  are  present  in  the  same  water.  Richfield  Springs, 
New  York,  and  White  Sulphur  Springs,  West  Virginia,  belong  to  this 
class. 

Alkaline  waters  usually  contain  considerable  quantities  of  sodium 
bicarbonate  with  the  sodium  and  magnesium  sulphates.  The  ApoUinaris 
water  of  Ncuenahr  (Prussia),  Vichy,  Saratoga  Vichy,  the  Capon  Springs 
(West  Virginia) ,  are  examples  of  this  class. 

Lithia  waters  usually  do  not  contain  any  notable  quantity  of  mineral 
substance,  but  include  small  quantities  of  lithium  carbonate  or  chloride. 
The  Vichy  water  from  Vichy  (France),  the  Gettysburg,  and  the  Aix-la- 
Chapelle  are  examples. 

Saline  waters  contain  relatively  large  proportions  of  magnesium  and 
sodium  sulphates  with  sodium  chloride.  The  waters  of  Saratoga  Springs 
(New  York),  Blue  Lick  Springs  (Kentucky).  Kissingen,  Bavaria,  Wies- 
baden ( Prussia) .  are  examples  of  general  saline  waters.  Those  of  Carlsbad 
and  Franzcnsbad  (Bohemia),  Hunyadi  Janos.  and  Apenta  (Hungary), 
and  Bedford  (Pennsylvania),  are  natural  purgative  waters  which  con- 
tain considerable  quantities  of  .the  sulphates  of  magnesitmi  and  sodium. 
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Siliceous  waters  contain  small  quantities  of  alkaline  silicates,  and  are 
represented  by  the  hot  springs  of  the  Yellowstone  Park  and  Iceland. 

Chalybeate  waters  have  iron  as  a  constituent  held  in  solution  by  carbon 
dioxide,  and  consequently  deposit  iron  as  a  hydroxide  or  oxide  on  exposure 
to  the  atmosphere.  The  waters  o.  Pyrmont  (Germany),  Spa  (Belgium), 
Alexisbad  (Sweden),  and  numerous  American  springs  belong  to  this  class. 

A  number  of  saline  waters  are  so  rich  in  certain  chemical  compounds  as 
to  constitute  an  important  source  of  these  substances,  notable  examples 
being  the  sa't-wells  of  Pennsylvania,  Ohio,  and  West  Virginia,  whose 
waters  furnish  soditmi  chloride,  and  bromine. 

(4)  Sea  Water. — ^This  averages  3  to  4  per  cent,  of  inorganic  salts. 
Sodium  chloride  constitutes  2.6  per  cent.,  and  the  remainder  consists 
chiefly  of  magnesium  chloride  and  sulphate  and  calcium  sulphate.  The 
specific  gravity  of  sea  water  is  1.03  at  zero.  The  Dead  Sea  contains 
22.8  per  cent.,  and  Great  Salt  Lake,  Utah,  32  per  cent,  of  solids. 

HYDROGEN  DIOXIDE. 

Formula,  H2OS.  Molecular  Weight,  33.76. 

Occurrence. — Hydrogen  peroxide  was  first  prepared  by  Th6nard 
in  1 81 8,  naming  it  oxygenated- water. 

It  occurs  as  traces  in  the  air,  rain,  and  snow.  Also  when  slow  oxida- 
tion takes  place  in  the  presence  of  water  as  well  as  its  electrolysis. 

Preparation. — Through  the  action  of  acids  on  peroxides  in  the  presence  of 
water  (Ba02.  Ca02.  Mg02,  KaOa,  NasOa), 

NaaOa  +  2HCI     --    2NaCl     -h  HaOa. 

BaOa  -h  HaS04  ==     BaSO*    -|-  HaOa. 

BaOa  +  HsP04  =  BaHPO*  -f  HaOa. 

BaOg     -f     COa  -}-  HaO     ~     BaCOa    -f  HaOa 

Since  the  medicinal  hydrogen  peroxide  solution  must  be  as  free  as  possible  from 
soluble  salts,  especially  barium,  only  such  acids  as  sulphuric  and  phosphoric 
(usually  both),  which  form  insoluble  barium  compounds,  are  used.  For  technical 
purposes,  as  a  bleaching,  oxidizing,  antiseptic,  and  preservative  agent,  the  mag- 
nesium or  calcium  peroxide  may  be  used  m  conjunction  with  such  organic  acids 
as  give  rise  to  harmless  soluble  salts,  thus  : 

2C6H5O7HS         +         3MgOa         -  Mg3(CeH607)a         -         aHaOa. 

\  Citric  Acid.  Magnesium  Citrate. 

Such  a  solution  may  be  used  internally.  Sodium  perborate  (NaBOa),  when 
dissolved  in  water,  forms  the  unstable  metaborate  (NaBOa),  which  with  the 
carbon  dioxide  of  the  water  is  converted  into  borax  and  sodium  carbonate. 

NaBOs      f-     HaO    r^     NaBOa      }      HaOa. 
4NaBOfl    4-      COa    ---     NaaBiOT     -[-     NaaCOa. 

By  usine  14  gm.  of  perborate  per  100  cc.  of  water,  a  10- volume  hydrogen  dioxide 
is  obtained;  a  36  per  cent,  solution  of  the  perborate  will  yield  a  25-volume  dioxide 
solution.  By  the  aid  of  dilute  acids,  solutions  of  higher  concentration  may  be 
obtained. 

For  preparing  the  medicinal  solution  of  hydrogen  peroxide,  barium  dioxide  is 
first  hydrated  (BaOa  -h  HaO  =  BaO(OH)a)  by  slowly  adding  to  it  about  double 
its  weight  of  distilled  water  (ice  cold);  after  standing  about  half  an  hour,  phos- 
phoric or  sulphuric  acid  with  water  is  gradually  added  with  stirring,  keeping  cold 
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by  ice,  until  the  mixture  remains  slightl)^  acid.     It   may  be   then   made   neutral 
by  addine  more  dioxide.    Usi 
along  with  the  sulphuric  acid. 


—  J       —  —  y     _        —  _  ^^  ^  _  —  ^  — ^p, . 

by  addine  more  dioxide.    Usually  a  small  quantity  of  hydrochloric  acid  is  used 
ilong  with 


Physical  Properties. — Prepared  by  the  above  methods,  hydrogen 
dioxide  is  in  dilute  aqueous  solution  which  may  be  concentrated  by 
evaporation  (between  50°  and  60°),  till  one  volimie  contains  about  50 
volumes  of  oxygen  (available) .  Further  concentration  must  be  made  in 
vacuo  (10  mm.),  or  by  freezing  out  the  water.  The  anhydrous  per- 
oxide forms  a  thick,  colorless  fluid  of  sp.  gr.  1.437  (20°),  which  boils 
at  69°  (26  mm.),  and  crystallizes  at  low  temperature,  fusing  at  — 2°.  It  is 
soluble  in  ether  and  may  thus  be  extracted  from  its  aqueous  solution. 

Chemical  Properties. — Concentrated  solutions  of  hydrogen  dioxide  - 
are  unstable  and  slowly  decompose,  increasing  in  rapidity  with  rise  of 
temperature,  and  near  100°  decomposition  usually  takes  place  (2H2OJ 
=  2H2O  +  O2)  with  explosive  violence.  Explosion  of  concentrated 
solutions  may  also  be  induced  through  the  presence  of  solid  matter  or 
the  introduction  of  finely  divided  metals  (Pt.  Fe,  MnO,  C).  The  dilute 
(3  per  cent.)  solutions  are  quite  stable  if  kept  of  a  slight  acid  reaction,  or. 
if  neutral,  a  small  quantity  of  such  substances  as  acetanilid  or  boric  acid 
are  added.  The  presence  of  ferric  oxide,  alumina,  silica,  etc.,  causes  rapid 
decomposition  of  these  solutions.  Hydrogen  dioxide  is  a  powerful 
oxidizing  (also  reducing)  agent,  through  its  decomposition  into  nascent 
oxygen.    It  bleaches  organic  pigments,  hair,  feathers,  bone,  etc.    - 

Oxidizing  Reactions. — Hydrogen  dioxide  oxidizes  : 

(i)   Sulphides  to  sulphates, 

PbS       1       4HaOa     -        PbS04     4      4HaO. 
H2S  4HaOa  HaS04      -     4HaO. 

(2)  "cms"  iicids  and  salts  to  "ic"  state, 

^^  HaSOa  HaOa  HaSO^      :       HaO. 

H3PO3       :       HaC^a       ^     H3PO4      '       HaO. 
2FeS04      ;       HaOa     -\-     HaS04     -=     Fea(S04)8     -f     aHaO. 

(3)  Arsenic,    arsenous   oxide,  aluminum,    iron,  magnesium,  lead,  etc.,  to  their 
highest  oxides, 

Mg     r       2HaOa       -     MgO(OH)a     -V     HaO  (MgOa  -h  aHaO). 

(4)  The  hydroxides  of  barium,  calcium,  and  strontium  are  converted  into  their 
•  peroxides. 

Ba(OH)a     -f     HaOa      -     BaOa     -      aHaO. 

(5)  Hypochlorous  and  hypobromous  acids  and  their  salts  yield  their  respective 
halogen  acids  or  salts, 

HCIO  HaOa       -     HCl      •       HaO     -f     Oa. 

CaOCla     :       HaOa  CaCla    :       HaO      ^      Oa. 

(6)  The  halogens  are  converted  into  their  binary  acids,  ^ 

Cla      r     HaOa     =     2  HCl     +     Oa. 
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Redocini^  Reactions. — 

II 

(7)  Potassium  ferro-cyanide  [K4Fe(CN)e],  in  acid  solution,  is  oxidized  to  the 

fem-cyanide     [KsFe(CN)6].      2K4Fe(CN)6     ,     2HCI  -r    HaOa    -^    2K8Fe(CN)6 
--   2KCI   T-  2H2O.     In  a^aZf'n^  solution,  reduction  takes  place. 

2KsFe(CN)6    -}-     2KOH     4      HaOa      -     2K4Fe(CN)6     -f-     aHaO     +     0%. 

(8)  Silver  oxide  is  reduced  to  metallic  silver, 

AgaO     -r       HaOa  HaO     -f     Ag2      +         0«. 

(9)  Brown  lead  peroxide  is  reduced  to  yellow-oxide, 

Pb02     4      HaOa     -  =     PbO     -f-     HjO     -f     O2. 

(10)  In  acidulated  solution,  potassium  permanganate  is  reduced  and  decolorized, 
2KMn04   -h    3HaS04   +    sHjOa   -=   KaS04    +    2MnS04     |     8HaO    +    sOa. 

(11)  Iodides  are  decomposed  slowly  by  strong  solutions  of  HaOa.  In  presence 
of  ferrous  salts,  traces  of  rlsOa  liberate  iodine  at  once, 

2KI     4-     HaOa      -     2KOH     H-     la. 

Aqua  Hydrogenii  Dioxidi,  U.S.?. — This  is  an  aqueous  solution  of 
hydrogen  dioxide,  containing  about  3  per  cent,  by  weight  of  the  dioxide, 
which  corresponds  to  about  ten  volumes  of  available  oxygen.  It  is  color- 
less and  odorless;  it  has  a  slightly  acidulous  taste,  and  produces  a 
peculiar  sensation  and  soapy  froth  in  the  mouth.  It  is  best  kept  loosely 
corked  in  a  cool  place  (compare  U.S.P.).  The  assay  process  is  based  on 
reaction  10. 

Uses. — On  account  of  its  oxidizing  action,  hydrogen  dioxide  is  useful 
as  a  bleaching  agent  for  cotton,  wool,  silk,  ivory,  hair,  oils,  etc.  It  is 
also  useful  for  the  sterilization  and  preservation  of  foods.  In  photogra- 
phy, it  serves  to  remove  the  last  traces  of  thio-sulphate  from  prints.  In 
medicine,  hydrogen  peroxide  is  used  as  an  antiseptic  and  disinfectant, 
hence  must  be  free  from  barium,  arsenic,  fluorides,  and  poisonous  metals, 
also  excessive  amounts  of  mineral  acids.  As  a  bleaching  agent,  hydrogen 
peroxide  is  far  preferable  to  chlorine  or  other  bleachers,  because  of  its 
freedom  from  odor  and  destructive  action  on  tissues  and  fibres. 

Test8.-^(i)  Upon  adding  hydrogen  peroxide  to  a  dilute  solution  of 
potassium  iodide  containing  starch,  T.S.,  and  a  few  drops  of  ferrous 
sulphate,  T.S.,  a  bhie  color  will  appear.  The  ferrous  salt  is  oxidized 
to  the  "ic,"  which  in  turn  liberates  iodine  from  the  potassitmi  salt, 
to  form  starch  iodide. 

(2)  If  a  few  drops  of  chromic  anhydride  (CrO,)  solution,  or  potassium 
dichromate  with  sulphuric  acid,  are  added  to  hydrogen  dioxide,  a  blue 
color  (of  perchromic  acid,  H^CrOg)  is  produced,  which  dissolves  upon 
shaking  with  ether,  with  a  blue  color. 

(3)  The  colorless  solution  of  titanium  dioxide  (TiOj)  in  sulphuric 
acid  diluted  with  water,  is  colored  lemon  yellow  (TiO,)  through  the 
addition  of  a  trace  of  hydrogen  dioxide. 
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OXYGEN  AND  CHLORINE. 

Three  oxides  and  four  acids  of  chlorine  are  known,  as  follows: 

Oxides.  Acids. 

Chlorine  Monoxide,  Cl^O.  Hypochlorous  Acid,  HCIO.* 

^, ,    .      r^         . ,     A^,  ^        /^,^  V         (Chlorous  Acid,  HC10,.)t 
Chlorme  Tetroxide,  C1,0,  or  (CIO,),.       '        .  J  '  ^  ^ 

Chlonc  Acid,  HCIO3. 

Chlorine  Heptoxide,  CljO^.  Perchloric  Acid,  HCIO^. 

Chlorine  and  oxygen  do  not  appear  to  unite  directly,  and  the  above 
oxides  are  all  made  by  indirect  methods. 

CHLORINE  MONOXIDE,  ClaO  (Cl-O-Cl). 

Preparation. — Chlorine  monoxide  (hypochlorous  oxide)  is  prepared  by  passing 
dry  chlorine  over  dry  precipitated  mercuric  oxide  cooled  by  ice,  brown  oxycnlorid« 
of  mercury  being  formed  at  the  same  time. 

2HgO     -f     2Cla     -=     HgaOCla     -}-     ClaO. 

The  gas  as  formed  is  passed  into  a  tube  cooled  by  a  freezing  mixture,  where  it 
forms  a  reddish-brown  liquid. 

Properties. — Chlorine  monoxide  is  a  yellow  gas,  having  an  odor  resembling 
chlorine,  but  not  so  suffocating.  It  is  very  soluble  in  water,  200  volumes  of  the 
gas  dissolving  in  one  volume  of  water.  When  condensed  to  an  orange-colored 
Uquid  it  boils  at  -{-5®.  The  gas  or  liquid  is  very  unsta^ble  and  explodes  through 
contact  with  a  flame  or  detonation  on  contact  with  sulphur,  phosphorus,  or  organic 
substances,  2  ClaO     -  Oa  -f-  aCla. 

It  is  therefore  an  active  oxidizing  and  bleaching  agent.  Hydrochloric  acid  is 
decomposed  into  chlorine  (2HCI  -f  ClaO  =  2Cla  4-  HaO),  and  with  calcium 
chloriae  or  alkali  hydroxides  hypochlorites  are  formed. 

CaCla     +     2ClaO     =     Ca(OCl)a      f-     2Cla. 
2KOH    4-     ClaO      =         2KCIO     +     HaO 

HYPOCHLOROUS  ACID,  HCIO. 

Preparation. — ^This  acid,  known  only  in  aqueous  solution  or  its  salts,  is  formed 
(i)  By  passing  chlorine  monoxide  into  water: 

ClaO     -f     HaO     ---     2  HCIO. 

(2)  On  agitating  chlorine  gas  with  mercuric  oxide  and  water: 

HgO     -i-     2Cla     +     HaO        --     HgCla     +     2HCIO. 

The  solution  is  then  distilled,  or,  upon  adding  an  excess  of  mercuric  oxide,  all  of 
the  mercury  which  has  passed  into  solution  is  precipitated  as  oxychloride 
(HgO.HgCla).     The  mixture  is  then  filtered. 

(3)  '^y  conducting  chlorine  into  a  suspended  mixture  of  chalk  in  water: 

CaCOs     -i      2Cla     -^     HaO     ^--     CaCla     -f     COa     +     2HCIO. 


♦  Known  only  in  solution.  t  Represented  by  salts. 
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(4)  a — DistiUing  solutions  of  bleaching  lime  or  hypochlorites  with  very  dilute  acids: 
NaClO.NaCl      |      HNOa     =     NaNOa      f      NaCl      i      HCIO. 

b — Passing  a  current  of  carbon  dioxide  through  a  solution  of  bleaching  powder  in 
water  and  futering: 

2Ca(0Cn.Cl     -\      COa     -f     HaO     =     CaCla     +     CaCOa     4      2HCIO. 

Properties. — ^The  dilute  acid  is  colorless,  but  when  more  concentrated 
it  (5  per  cent.)  has  a  yellowish  shade.  When  very  dilute  it  can  be  distilled 
without  decomposition.  The  concentrated  solution  is  easily  decom- 
posed by  simlight  or  heat  into  chlorine,  chloric  acid,  oxygen,  and  water. 
The  acid,  as  well  as  its  salts,  possesses  a  strong  oxidizing  and  bleach- 
ing action  through  the  liberation  of  nascent  oxygen  (2  HCIO  = 
2HCI  +  Og).  Charcoal,  iodine,  sulphur,  phosphorus,  arsenic,  and  anti- 
mony are  rapidly  oxidized  into  their  respective  acids  when  brought  in 
contact  with  the  acid,  and,  if  the  latter  be  concentrated,  with  explosive 
violence.  Iron  filings  are  immediately  oxidized,  with  evolution  of 
chlorine.  Copper  and  mercury  under  similar  circumstances  are  con- 
verted into  oxychlorides. 

Tests. — Hypochlorous  acid  or  its  salts  when  shaken  with  mercury 
yield  a  yellowish-red  oxy chloride  (HgO.HgClj) ;  all  other  oxygen  acids 
(HClOj,  HCIO3,  HCIO^)  and  their  salts  have  no  action.  On  the  other 
hand  chlorine  yields  insoluble  mercurous  chloride  in  the  presence  of 
water. 

Hypochlorites. — These  are  produced  by  passing  chlorine  into   cold 
solutions  (10  per  cent,  or  under)  of  the  alkali  hydroxides  or  their  carbon 
ates.     More  concentrated  solutions  of  the  former  yield  chlorates. 


2KOH     +     Cla     =     KCI     -h     HaO     -f-     KCIO. 
KaCOa     -f     Cla     +     HaO     =     KCI     +     KCIO      } 


COa. 


The  well-known  bleach  liquor  (sodium  hypochlorite)  which  is  exten- 
sively employed  in  various  industries,  is  produced  electrolytically  (page 
705).  Chlorinated  lime  (page  363)  is  produced  in  enormous  quantities, 
being  used  as  a  bleaching  and  disinfecting  agent,  as  well  as  a  cheap 
source  for  chlorine. 

When  treated  with  diluted  acids,  the  hypochlorites  yield  hypochlorous 
acid,  which  in  turn  undergoes  decomposition  with  liberation  of  chlorine. 

(a)  NaClO     +     HCl     =    NaCl     -r     HCIO. 

(6)  HCIO     -[-     HCI     =     HaO     H      Cla. 

The  chlorine  liberated  is  twice  that  which  the  salt  contains. 

CHLOROUS  ACID,  HCIO^. 

This  is  only  known  in  the  form  of  its  salts,  obtained  by  action  of 
chlorine  peroxide  upon  solutions  of  alkali  hydroxides. 

2KOH     -f     2C10a     =     KClOa      i      KClOa     +     HaO 
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CHLORINE  TETROXIDE,  C\fi,.  (ClO^). 

Preparation — Chlorine  tetroxide,  or  chlorine  dioxide  (peroxide)  ClOa,  is  pro- 
duced when  potassium  chlorate  is  added  to  concentrated  sulphuric  acid,  but  owing 
to  the  heat  generated  through  the  reaction,  explosion  is  liable  to  result  from  the 
sudden  decomposition  of  the  peroxide.  It  is  usually  prepared  (mixed  with 
some  carbon  dioxide)  by  adding  dilute  sulphuric  acid  (i  :  2)  to  a  mixture  of  potas- 
sium chlorate  (i  p.)  and  oxalic  acid  (4.5  p.).  When  this  is  warmed  gently  a  yel- 
lowish-green gas  escapies  which  by  siifficient  cooling  may  be  condensed  to  a  red- 
dish-brown liquid  (boiling  at  9.9  ,  740  mm.).  This  may  be  distilled  by  heating  at 
not  over  30®. 

3KCIO8     +     2H9SO4     ~      KCIO4     -h     2KHSO4     +     HaO     -      ClaOi. 
2KCIO8     -\-     2HaCa04  KaCa04   +     2HaO  +    2COa     -*      CIa04. 

Properties. — Chlorine  peroxide  is  a  heavy,  greenish-yellow  gas,  with  a 
strong,  irritating  odor.  On  exposure  to  a  freezing  mixture  it  condenses 
to  a  dark-red  liquid  which  boils  at  9.9^  and  solidifies  at  — 79®.  The  liquid 
or  gaseous  product  is  very  explosive  when  heated  (above  30°)  or  is 
brought  into  contact  with  organic  matter.  When  dissolved  in  water  it 
forms  a  yellow  solution,  which  on  adding  an  alkali  yields  a  mixture  of 
chlorite  and  chlorate. 

CIO. 

O      i      2KOH     -     KClOa     +     KClOs     4      HaO. 
ClOa 

CHLORIC  ACID,  HCIO3.  (ClOj.OH). 

This  acid  is  only  known  in  solution  and  in  combination  with  certain 
bases  as  chlorates. 

Preparation. — Barium  chlorate  is  decomposed  by  the  equivalent  quantity  of 
diluted  sulphuric  acid: 

Ba(C103)a     4      HaS04     -^     BaS04      ^       2HCIO3. 

The  clear  liquid  is  decanted  from  the  precipitated  barium  sulphate  and  evap>- 
orated  in  a  vacuum  over  sulphuric  acid.  The  most  concentrated  solution  obtain- 
able by  this  method  is  40  per  cent.  On  further  concentration  it  decomposes  into 
perchloric  acid,  chlorine,  and  oxygen,  according  to  the  following: 

8HCIO3     ■-=     4HCIO4     -f     aHaO     -f     30a     -f     aCla. 

Properties. — When  of  the  above  strength,  chloric  acid  is  a  syrupy 
liquid,  almost  colorless,  and  of  a  faint  chlorous  odor.  It  has  a  powerful 
acid  reaction,  and  in  other  chemical  properties  resembles  nitric  acid. 
It  decomposes  organic  matter  with  evolution  of  heat  and  light.  Sulphur 
and  phosphorus  are  inflamed  on  coming  in  contact  with  it. 

Chlorates. — Chloric  acid  is  monobasic,  and  its  salts  are  called 
chlorates.  The  potassium  and  sodium  salts  are  official  under  the  titles 
Potassii  Chloras  and  Sodii  Chloras.  Potassitun  chlorate,  which  is 
soluble  in  1 6  parts  of  water,  is  one  of  the  most  insoluble  of  the  potassitim 
salts,  while  sodium  chlorate  requires  only  i  part  of  water  to  effect  solu- 
tion. 
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Chlorates  are  formed  by  heating  solutions  of  the  hypochlorites,  or  with  less  loss 
by  satiirating  with  chlorine  while  being  heated.  The  excess  of  chlorine  liberates 
hypochlorous  acid,  which,  reacting  with  the  hypochlorite,  forms  a  chlorate  : 

2KCIO     +     aCla      !         aHaO       -:     2KCI        ^-     4HCIO. 
KCIO     -i      2HCIO     --     KCIO3     -{-     2HCI. 

The  liberated  hydrochloric  acid  again  liberates  another  portion  of  hypochlorous 
acid. 

When  a  hot  concentrated  solution  of  a  hydroxide  is  saturated  with 
chlorine  the  result  is  a  chloride  and  a  chlorate,  as  follows: 

6KOH     +     3Clfl     r--     5KCI     -f      KCIO3     -r     HaO. 

When,  however,  a  cold  dilute  solution  of  the  alkali  is  used,  a  hypochlo- 
rite is  formed  instead  of  a  chlorate,  according  to  the  following  reaction : 

2KOH     -f-     Cla      --     KCl     ■{-     KCIO      f     HaO. 

For  preparation  of  chlorates  upon  commercial  scale,  see  potassium 
chlorate,  page  312. 

The  chlorates  melt  on  the  application  of  heat,  and  then  give  off  oxygen. 
When  melted  they  energetically  decompose  such  organic  substances  as 
are  brought  in  contact  with  them.  The  dry  chlorate  should  not  be 
triturated  with  organic  matter  or  sulphur.  Such  dry  mixtures  explode 
violently  by  percussion  or  rubbing,  and  bum  brilliantly  on  the  applica- 
tion of  flame. 

Uses. — In  addition  to  their  use  in  medicine,  the  chlorates  are  largely 
employed  as  an  oxidizing  agent  in  dyeing  and  calico-printing  and  in  the 
manufacture  of  colored  fires.  In  the  preparation  of  these  fireworks 
potassium  chlorate  and  some  organic  substance,  as  sugar,  starch,  shellac, 
or  wheat  bran,  are  separately  pulverized  and  then  intimately  mixed, 
avoiding  friction  or  anything  that  might  cause  ignition  or  explosion. 
To  this  mixture  is  then  added  pulverized  barium  nitrate  for  green, 
strontium  nitrate  for  red,  sodium  nitrate  for  yellow,  and  copper  oxide 
for  blue.  Sulphur  is  sometimes  an  ingredient  of  these  mixtures,  but  it 
greatly  increases  the  risk  of  spontaneous  combustion  or  explosion. 

PERCHLORIC   ACID.   HCIO,    (CIO3.OH). 

Preparation. — Perchloric  acid  is  produced  in  the  decomposition  of  chloric 
acid,  but  this  is  not  used  as  a  method  of  preparing  it.  The  process  consists  in 
first  preparing  potassium  perchlorate  by  heatmg  the  chlorate.  The  latter  salt 
when  heated  to  350®  gives  off  a  part  of  its  oxygen  and  becomes  a  pasty  mass  of 
perchlorate  and  chloride. 


-J 


2KCIOS     =     KCIO4      t      KCl     +     Oa. 


The  pasty  mass  is  cooled,  powdered,  and  treated  with  cold  water  to  remove 
the  potassium  chloride.  The  undissolved  residue  is  then  digested  with  warm  h)^- 
drocnloric  acid  to  decompose  any  chlorate  and  convert  it  into  chloride,  which  is 
then  washed  out  with  cola  water.  The  residue  which  now  remains  consists  of  nearly 
pure  perchlorate.  On  heating  the  perchlorate  in  a  retort  with  four  times  its  weight 
of  concentrated  sulphuric  acid  to  1 1  o®,  pure  perchloric  acid  distils  over.  A  second 
distillation  is  necessary  in  order  to  get  a  pure  acid,  since  in  the  decomposition  of 
the  first  some  of  the  sulphuric  acid  is  liable  to  be  carried  over  mechanicafly. 
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Properties. — Perchloric  acid  is  a  colorless  volatile  liquid,  which  fumes 
strongly  on  coming  in  contact  with  moist  air  and  is  prone  to  violent 
decomposition.  Its  specific  gravity  is  1.782  at  15.5°.  It  dissolves  in 
water  with  a  hissing  noise,  and,  when  brought  in  contact  with  organic 
matter,  causes  the  latter  to  ignite.  The  concentrated  acid  on  stand- 
ing, even  in  the  dark,  rapidly  decomposes,  becoming  dark  yellow  to 
brown  in  color,  and  finally  explodes  with  violence.  By  carefully  adding 
water  until  crystals  form,  it  is  converted  into  the  hydrate,  HClO^.HjO. 
These  crystals  melt  at  50°,  and  are  strongly  oxicUzing  in  their  action. 
The  diluted  acid  has  a  pure,  sour  taste,  and  reddens  litmus  paper  without 
bleaching  it.  Iron  and  zinc  dissolve  in  the  diluted  acid,  causing  evolu- 
tion of  hydrogen. 

Perchlorates. — These  are  nearly  all  quite  soluble  in  water,  and  some 
of  them  are  deliquescent.  The  potassium  salt  is  one  of  the  most  insoluble, 
requiring  fifty-eight  parts  of  water  to  dissolve  it. 

Perchlorates  are  distinguished  from  the  chlorates  by  decomposing 
into  chlorides  at  a  higher  temperature,  by  remaining  undecom posed  on 
the  addition  of  hydrochloric  acid,  and  by  not  yielding  ClOg  on  the  addi- 
tion of  concentrated  sulphuric  acid.  From  chlorides  they  are  distin- 
guished by  giving  no  precipitate  with  silver  nitrate,  and  from  both 
nitrates  and  chlorates  by  not  decolorizing  indigo  solution  on  the  addition 
of  hydrochloric   acid. 

OXYGEN    AND     BROMINE. 

Unlike  chlorine,  bromine  appears  to  form  no  stable  compounds  with  oxygen; 
the  following  acids,  however,  show  a  similarity  between  the  oxygen  compounds  of 
these  two  halogen  elements: 

Hypobromous  Acid,     HBrO. 
Bromic  Acid,  HBrOa. 

Perbromic  Acid.  HBrOi. 

HYPOBROMOUS  ACID.  HBrO. 

Preparation. — This  compound  is  prepared  by  agitating  a  mixture  of  mercuric 
oxide,  water,  and  bromine,  distilling  in  vacuo  under  30®. 

Properties. — The  aqueous  acid  has  a  yellow  color,  and  is  an  active  oxidizing 
and  bleaching  agent. 

BROMIC  ACID,  HBrOa. 

Preparation. — Bromic  acid  is  prepared  by  first  obtaining  a  bromate  from 
bromine  and  a  hydroxide: 

3Brfl     J      6KOH      -     sKBr     -\-     KBrOa     -|-     aHaO. 

The  bromate  being  less  soluble  than  the  bromide  is  easily  separated  from  it  by 
crystallization.  It  is  converted  into  barium  bromate,  which  is  then  decomposed 
with  sulphuric  acid,  the  precipitated  barium  sulphate  being  filtered  off,  or 
bromine  is  added  to  silver  bromate  and  filtered  : 

sAgBrOa     -      6Br     -      3Ha()       :     sAgBr      ;      6HBr03. 

The  aqueous  solution  is  concentrated  in  vacuo  till  it  reaches  50.6  per  cent.  (HBrOa. 
yHaO).  When  heated  to  100°,  it  decomposes  into  bromme  and  ojcygen.  In 
properties  it  resembles  chloric  acid.  • 
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The  bromates  are  generally  soluble  in  water,  and  are  decomposed  on  heating. 
Some  give  off  oxygen  with  formation  of  bromides,  while  others  evolve  both  bro- 
mine and  oxygen,  leaving  an  oxide  of  the  metal. 

OXYGEN  AND  IODINE. 

One  oxide  and  two  acids  of  these  elements  are  known,  as  follows: 

Oxide.  Acids. 

Iodine  Pentoxide,  I9O5.  Iodic  Acid,  HlOa. 

Iodic  Anhydride. 

Periodic  Acid,  HIO4. 

IODINE  PENTOXIDE,  laOs. 

Preparation. — Obtained  by  heating  iodic  acid  to  170°: 

2HIO8         -  HaO  laOs. 

When  dissolved  in  water,  iodic  anhydride  yields  iodic  acid.     It   forms   a   white 
crystalline  substance  which  decomposes  into  its  elements  at  300°. 

IODIC  ACID,  HIO3. 

Preparation. — The  simplest  method  of  preparation  is  by  heating  iodine  with 
fuming  nitric  acid  until  the  oxides  of  nitrogen  and  water  have  been  expelled. 

3la    -r     loHNOs     -      6HIO3      i      sNaOa     n      aHaO. 

It  may  also  be  prepared  from  barium  iodatc  and  sulphuric  acid.  The  iodate  is 
made  by  dissolving  powdered  iodine  in  hot  concentrated  solution  of  potassium 
chlorate,  and  adding  a  few  drops  of  nitric  acid.  After  the  evolution  of  chlorine 
has  ceased  and  the  solution  has  become  cool,  crystals  of  potassium  iodate  separate, 
KCIO3  •  I  --  KlOa  -f  CJ.  On  dissolving  this  salt  in  water  and  adding  barium 
chloride,  barium  iodate  separates  out  as  a  white  solid.  This  is  then  decomposed 
by  the  careful  addition  of  sulphuric  acid,  the  barium  sulphate  filtered  off  and 
the  filtrate  concentrated  at  100®  for  crystallization. 

Iodic  acid  is  also  formed  when  chlorine  is  passed  into  water  in  which  finely 
powdered  iodine  is  suspended: 

I2     +     5CI2     +     6HaO     =     2HIO3     4      loHCl. 

The  hydrochloric  acid  is  removed  by  moist,  freshly- precipitated  silver  oxide. 

Properties. — Iodic  acid  occurs  in  the  form  of  colorless,  rhombic  crystals,  very 
soluble  in  water,  and  insoluble  in  alcohol.  On  heating  to  170°  the  acid  decomposes 
into  iodine  pentoxicje  and  water.  Organic  matter,  phosphorus,  and  su^hur 
inflame  on  coming  into  contact  with  the  acid.  Sulphurous  oxide,  sulphuretted 
hydrogen,  and  hydriodic  acid  decompose  it  with  liberation  of  iodine  :  HIO3  -f- 
5HI  :=  3HaO  -r  3la-     2HIO3  -+    sHaSOs  -•  la    f  HaO    f   5H2SO4. 

The  iodates  are  mostly  soluble  in  water,  and  are  produced  along  with  the  iodides 
by  dissolving  iodine  in  a  hot  solution  of  potassium  or  sodium  hydroxide  :  6KOH  -f- 
3 la  —  5KI  -^  KIO3  -j-  3HaO.  The  iodates  are  detected  by  adding  to  the  solu- 
tion a  small  quantity  of  sulphurous  acid  or  a  sulphite,  to  liberate  iodine,  and 
then  a  dilute  solution  of  starch,  with  which  the  latter  forms  a  blue  color. 

PERIODIC  ACID,  HI04.2lIaO  or  HsIOe. 

Preparation. — This  acid,  which  is  the  final  oxidation-product  of  iodine,  is  onl> 
known  in  the  free  state  with  two  molecules  of  water.  It  is  obtained  most 
readily  by  acting  on  perchloric  acid  with  iodine. 

HCIO4     -f      I      -     2H2O     -     HI04.2HaO     4      CI. 

Properties. — This  compound  consists  of  colorless,  transparent  crystals,  which 
are  deliouescent  and  readily  soluble  in  water.  They  melt  at  133°  to  140®,  and  on 
the  furtndr  increase  of  heat  are  decomposed  into  iodine  pentoxide.  water,  and 
oxygen  2rHI04.2HaO)  =  laOo  -}■  Oa  +  sHaO. 
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THE   OXYGEN   GROUP. 

OXYGEN,  SULPHUR,  SELENIUM,  TELLURIUM. 

These  (like  the  halogens)  constitute  a  natural  group  of  elements  which  (partic- 
ularly the  latter  three)  present  a  gradation  in  their  physicsd  and  chemical  prop- 
erties corresponding  to  their  atomic  weights.  While  the  valency  of  oxygen  is 
invariably  2,  the  others  vary  as  2,  4,  and  6.  With  rising  atomic  weights,  these 
metalloids  decrease  in  electro-negative  intensity,  tellurium  exhibiting  the  physical 
properties  of  a  metal. 

The  general  formula  RHa  represents  the  hydrogen  compounds  of  these  elements. 
The  readiness  with  which  they  are  decomposed  oy  heat  increases  from  oxygen  to 
tellurium,  a  temperature  of  about  1200**  being  necessary  to  decompose  water, 
while  a  gentle  heat  will  decompose  hydrogen  telluride.  The  oxides  are  represented 
by  the  formulae  RO2  and  ROa,  while  the  acids  are  HaROs  and  HaROi.  The  relative 
strength  (reactive  ability)  of  the  acids,  decrease  from  sulphuric  to  telluric  acids, 
the  latter  possessing  very  feeble  acid  properties.  The  following  table  will  serve 
to  illustrate  the  marked  similarities  or  some  of  the  principal  compounds  of  this 
group. 


Hydrides 
Oxides 
Chlorides 
Acids 


O 


HaO 
ClaO  (MOa 


Se 


HaS  HaSe 

SOa  SO3        SeOa 

SaCla  SCla       jSeaCla        SeCU 

HaSOs  HaS04  .HaSeOa    HaSeOi 


Te 


HaTe 

TeO  TeOa    TeOa 
TeCla       TeCU 
HaTeOa  HaTeO* 


The  gradations  of  the  physical  properties  may  be  noted  in  the  following  table  : 

S 


0 

Atomic  Weight 

15.88 

Specific  Gravity 

gas 

Fusing-Point 

Boiling-Point 

—181.4** 

Color 

light  blue 

1.95-2.07 
yellow^ 


Se 


78.6 
4.2-4.8 
217° 
68o*» 
red 


Te 


126.6 
6.2 

452° 
white  heat 
black 


SULPHUR. 

Symbol^  S.         Atomic  Weight,  31.83.  Valence^  II,  also  IV,  VI. 

Sulphur  was  known  to  the  ancients. 

Occurrence. — It  occurs  in  the  free  state,  mixed  with  earthy  matter, 
in  the  vicinity  of  extinct  as  well  as  active  volcanoes.  Its  existence  in  the 
free  state  is  supposed  to  be  due  to  the  sulphur  dioxide  and  hydrogen 
sulphide  in  volcanic  gases,  which,  reacting  on  each  other,  form 
sulphur,  as  follows  : 


SOa      r 

2HaS 

2HaO 

03. 

HaS      i 

0 

:     HaO 

t     s. 

HaS      , 

3O       - 

-     HaO 

i      SOa. 

Sulphur  combined  as  sulphides  and  sulphates  is  very  widely  distrib- 
uted. Some  of  these  metallic  sulphides  are  known  asfctefufe^org/awcw. 
As  examples  of  the  many  native  sulphides  are  zinc  blende,  ZnS ;  galenite, 
PbS;  pyrite,  FeSj*,  cinnabar,  HgS;  stibnite,  SbjSji  realgar,  As^Sj.  Com- 
bined  with    oxygen    we   find   such    native   sulphates  as  heavy   spar. 
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BaSO^;  gypsum,  CaS0^.2H20;  kieserite,  MgSO^,  etc.  Sulphur  also 
exists  in  the  vegetable  and  animal  kingdoms,  combined  in  various 
organic  compounds,  and  in  some  mineral  waters,  as  hydrogen  sulphide. 

Sources. — The  principal  source  of  sulphur  has  always  been  the  vol- 
canic districts  in  the  island  of  Sicily  and  the  other  volcanic  regions  that 
border  the  Mediterranean. 

Very  large  deposits  of  arsenic-free  sulphur  occur  in  California,  Nevada, 
Utah,  and  Louisiana.  The  deposits  in  Louisiana,  which  are  at  a  depth 
of  about  400  feet,  are  extensively  worked.  Water  at  high  temperature  is 
forced  under  pressure  through  driven  tubes  into  the  deposits;  the  sul 
phur  having  been  liquefied,  is  forced  to  the  surface  through  an  inside 
tube.  This  sulphur  is  free  from  arsenic  and  selenium.  The  cost  of 
transportation  is  the  greatest  obstacle  to  our  obtaining  all  our  sulphur 
from  these  sources.  The  exportation  from  Sicily  amounts  to  about 
400,000  tons  annually.  For  the  production  of  sulphur  dioxide, 
immense  quantities  of  pyrites  as  well  as  other  sulphides  are  consumed 
(3FeSj  =  FcgS^  +  S^).     Such  sulphur  usually  contains  arsenic. 

In  addition  to  the  above  sources,  sulphur  is  found  in  Iceland,  Mexico, 
Central  America,  and  the  Sandwich  Islands.  Volcanoes  in  all  these  places 
either  are  or  have  been  the  cause  of  the  deposit. 

Extraction  and  Purification. — ^The  sulphur  earth  and  masses  of 
ore  are  piled,  with  a  small  amount  of  fuel,  in  heaps  over  depressions  in  the 
earth.  The  heaps  are  then  ignited ;  the  sulphur  melts,  runs  down,  and  is 
collected  from  the  hollow  beneath.  About  one-third  of  the  sulphur  is 
lost,  being  consumed  in  heating. 

Waste  Sulphur. — The  alkali  waste  in  the  Leblanc  soda  process  consists  of  cal- 
cium sulphide.  This  product,  before  removal  from  the  leaching  vats,  is  subjected 
to  a  current  of  air  by  which  the  sulphide  is  partly  converted  into  sulphite  and 
tbiosulphate.  This  calcium  thiosulphate  may  be  utilized  for  the  preparation  of 
sodium  thiosulphate  or  the  mixture  is  then  treated  with  hydrochloric  acid,  when 
the  following  reaction  takes  place  : 

2CaS   ■-,-     CaSaOs      f     6HC1  3CaClfl     -r     4S  3HaO. 

In  England  the  sulphur  is  recovered  from  the  purifiers  in  the  gas  works.  The 
gas,  which  contains  hydrogen  sulphide,  is  passed  over  moist  ferric  oxide,  when 
the  following  reaction  takes  place : 

FeaOs.aHaO      f      3H9S     --       2FeS     -f     S     -f     6H2O. 

The  mass  is  then  exposed  to  the  air,  and  the  moist  ferrous  sulphide  is  oxidized,  as 
follows : 

2FeS     -:      3HaO      :      3O  Fe803.3HaO      ;      S«. 

The  revived  iron  oxide,  mixed  with  sulphur,  is  then  exposed  to  another  quan- 
tity of  the  gas,  and  again  regenerated  until  the  mass  contains  50  per  cent,  of 
sulphur;  the  latter  is  then  recovered  by  heating  the  mixture. 

The  crude  sulphur,  as  obtained  by  the  various  processes  just  described,  con- 
tains 2  or  3  per  cent,  of  impurities.  To  remove  these  the  process  of  sublimation 
is  resortecT  to.  A  furnace  similar  to  that  in  Fig.  98  is  employed.  The  crude 
sulphur  is  melted  in  the  vessel  k,  with  the  waste  heat  from  the  furnace;  it  is  then 
run  in  small  quantities  at  a  time  into  the  retort  a,  from  which  it  sublimes  into 
the  large  chamber  m.  At  first,  while  the  chamber  is  cool,  the  sulphur  is  deposited 
in  fine  powder,  but  as  the  whole  becomes  heated  it  melts  and  is  run  off  at  the 
bottom  into  moulds,  and  becomes  the  roll  sulphur  or  brimstone  of  commerce. 
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Physical  Properties.— Sulphur  is  a  lemon-yellow,  hard,  brittle, 
crystalline  solid,  odorless,  and  almost  without  taste.  It  is  negatively 
electrified  by  friction,  is  insoluble  in  water,  almost  insoluble  in  alcohol, 
ether,  and  volatile  oils,  but  easily  soluble  in  fixed  oils  (carbon  disul- 
phide,  46  p.  in  100  p.).  sulphur  monochloride,  benzene,  turpentine,  etc 
The  specific  gravity  o£  native  sulphur  is  3.05.  On  the  application  of 
heat  it  melts  at  114.5°,  and  remains  liquid  until  cooled  to  iii".  The 
liquid  is  straw-yellow  at  first,  but  become^  dark  red  and  viscid  on  gradu- 


Sublimatioa  of  buI 


ally  raising  the  temperature  from  200°  to  25°"'  when  it  is  too  thick  to 
pour,  and  becomes  almost  black  in  color.  A  further  increase  of  tempera 
ture  causes  the  suphur  to  become  thin  in  consistence  but  it  remains 
dark  in  color,  and  at  448.4°  it  boils  under  cwdinary  pressure. 

Sulphur  Exists  i\  Thref,  Allotropic  Modifications  :- — 

(a)  Octafiedral  or  Rhombic  Sulphur.  This  is  the  form  in  which  it  occurs 
in  nature  as  well  as  that  form  in  which  it  crystallizes  from  carbon  disul-  \ 
phide. 

(b)  Prismatic  or  Monoclinic  Sulphur.  This  is  a  labile  form  which  crys- 
tallizes upon  cooling  fused  sulphur.  On  heating  sulphur  in  a  Hessian 
crucible  until  melted,  allowing  to  cool  until  a  crust  forms  on  the  surface, 
then  quicklv  pouring  out  the  liquid  portion,  the  crucible  will  be  lined 
with  long,  brilliant,  transparent  crystals,  having  the  form  of  monoclinic 
prisms;  these  become  opaque  after  twenty-four  hours  at  ordinary  tem- 
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perature,  and  are  then  found  to  be  made  up  of  minute  rhombic  crystals. 
Monoclinic  sulphur  has  a  specific  gravity  of  1.96,  melts  at  120°,  an^  is 
soluble  in  carbon  disulphide. 

(c)  Plastic  or  Amorphous  Sulphur.  This  may  be  prepared  by  carefully 
heating  sulphur  to  330®,  and  then  pouring  in  a  thin  stream  into  water. 
The  product  in  this  case  is  an  amber-colored,  elastic  mass,  which  may  be 
drawn  out  into  threads  or  kneaded  between  the  fingers.  This  is  called  the 
plastic  variety.  It  has  a  specific  gravity  of  1.957,  ^-^^  is  insoluble  in 
carbon  disulphide.  It  qtdckly  reverts  to  the  rhombic  variety  with 
evolution  of  heat,  hence  no  melting  point  can  be  assigned  to  it. 

An  insoluble  variety  similar  to  this  is  formed  when  hydrochloric  acid 
is  added  to  calcitmi  pentasulphide.  Small  quantities  of  this  insoluble 
variety  are  also  frequently  found  in  sublimed  sulphur. 

Commercial  Forms  of  Sulphur  : — 

(a)  Brimstone,  or  Roll  Sulphur.  This  is  the  crude  moulded  sulphur, 
which  is  used  for  technical  purposes  only.  i'  '     .  j'  .  •.   •' 

(b)  Flowers  of  Sulphur.  This  is"  the  so-called  sublimed  sulphiu*  (sul- 
phur sublimatum),  which  consists  of  a  mixture  of  the  rhombic  and 
amorphous  varieties. 

(c)  Sulphur  Lotum  (U.S.P.).  Commercial  sublimed  sulphur  is  of  acid 
reaction  from  adhering  sulphurous  acid.  For  the  removal  of  this,  it  is 
washed  with  water  containing  a  little  aqua  ammonia.    > 

(d)  Sulphur  Prsecipitatum  (U.S.P.)  (Milk  of  Sulphur).  If  sulphur, 
slaked  lime,  and  water  are  boiled  together,  soluble  polysulphides  of 
calcitun  are  formed,  and  after  decanting  the  clear  solution,  it  is  precip- 
itated by  the  addition  of  hydrochloric  acid. 

y  *^    6Sa     -h     3Ca(OH)a    =     2Cag5     +     CaSaOa     4      sHaO. 

^       2CaS5     -r     CaSaOs     -f     6HC1     =     aCaCla     +     6Sa     4      3Ha6. 

Chemical  Properties. — Sulphur  bums  with  a  pale  bltush  flame, 
forming  sulphur  dioxide.  Nearly  all  metals  unite  with  it  to  form  sul- 
phides, mercury  requiring  trituration  only,  while  copper  and  iron  bum 
readily  in  sulphur  vapor.  Sulphur  combines  directly  with  many  other 
non-metals,  as  hydrogen,  chlorine,  bromine,  iodine,  and  phosphorus. 
When  heated  with  oxidizing  agents  sulphur  is  converted  into  sulphuric 
acid.  Caustic  alkalies  dissolve  it  to  form  a  mixture  of  sulphide  and 
thiosulphate. 

SULPHUR    AND    HYDROGEN. 

HYDROGEN   SULPHIDE. 

SULPHURETTED    HYDROGEN.    HYDROSULPHURIC   ACID. 
Formula,  HaS.        \~     *  Molecular  Weight,  33.83. 

History. — Hydrogen  sulphide  was  noticed  by  the  ancients,  but  Scheele, 
in  1777,  was  the  first  to  investigate  it,  heating  sulphur  with  hydrogen. 
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Occurrence. — It  occurs  in  nature  when  organic  bodies  containing 
sulphur  putrefy,  in  volcanic  gases,  and  in  many  mineral  waters.  The 
sulphur  waters  in  Virginia  are  the  most  important  in  the  United  States. 

Preparation. — Hydrogen  sulphide  is  formed  when  a  stream  of  hydrogen  is 
passed  over  sulphur  heated  to  the  boiling  point,    v 

For  all  practical  purposes,  however,  an  apparatus  similar  to  that  illustrated  in 
"^  Fig.  ^9   answers    the   purpose 

most  satisfactorily.  In  the 
generator,  a.  is  placed  some 
ferrous  sulphide,  and  to  it  is 
added  sulphuric  add,  previ- 
ously diluted  with  six  volutnes 
of  water,  when  the  following 
reaction  takes  i^ace : 


FbS 


-Hi304  = 


Krefuralion  of  hydi 


FeSO,   f  H^. 


The  gas  is  readily  evolved 
without  the  application  of 
heat,  and  may  either  be  used 
directly  or  passed  through  a 
little  water  in  the  wash-bottle 
at  c.  When  it  is  desired  to 
prepare  the  solution  of  the  gas 
It  is  passed  into  water  in  the 
flask  D. 

Ferrous  sulphide  frequently 
contains  metallic  iron,  in  which 
case  the  gas  will  contain  some 
tree  hydrogen.  This  is  rarely 
—  objection,  but.  if  it  should 


be,   then  a    pure   gas    may   be  obtained  by   treating  antimonous   sulphide   with 
hydrochloric  acid:-i    i*  "*  _1  ' 

Sb^s      ;-      6H}:I     r.      iSbCU      ;      jHbS. 


The  gas  may  also  be  prepared  by  heating  li 
sulphur.    To  remove  any  traces  of  arsenic  fan 
gas  prepared  from  ferrous  sulphide,  it  i 
over  pulverized  iodine,  which  serves  to  re 


i  flask  a  mixture  of  paraffin  and 
e  gas)  liable  to  be  present  in  the 
_!.,..  j_-  jj  ^^^  ^^^^  passed 

»S7.  48). 


Physical  Properties. — Hydrogen  sulphide  is  a  colorless  gas  (sp.  gr. 
1.18)  with  a  disagreeable  odor  and  a  sweetish  taste.  One  volume 
of  water  dissolves  4.37  volumes  of  the  gas  at  0°,  and  3.23  volumes  at  15°. 

The  solution  reddens  litmus,  and  rapidly  undergoes  change  on  expo- 
sure to  air,  water  and  sulphur  being  the  result,  the  latter  separating 
out.  Under  a  pressure  of  1 7  atmospheres  the  gas  condenses  to  a  liquid, 
of  the  specific  gravity  of  0.9,  which  boils  at  — 61.8°  and  solidifies  at  — 85°. 

Chemical  Properties.— Hydrogen  sulphide  is  a  very  inflammable 
gas,  burning  with  a  pale  blue  flame.  The  products  of  its  combustion 
are  water  and  sulphur  dioxide,  or,  if  the  combustion  is  rapid,  sulphur. 

The  gas  is  decomposed  by  many  oxidizing  agents;  chlorine,  for  ex- 
ample, changes  it  immediately,  according  to  the  reaction: 


HsS 


a« 


aHCl      t-     S. 


A  similar  reaction  takes  place  with  bromine  and  with  iodine;  in  the 
latter  case,  however,  the  reaction  is  possible  only  in  the  presence  of  water. 
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Sulphtiretted  hydrogen,  owing  to  the  readiness  with  which  it  parts  with 
its  sulphur,  forms  an  active  reducing  agent.    Thus, —  ^ 

^         2FeCl8         +         HaS         =         2FeCla         -h         2HCI         -f         S. 

Ferric  Chloride.  Ferrous  Chloride. 

AsflOs  +        2HaS         :=  AsflOa         -r         sHaO        -f-         Sa. 

Arsenic  Oxide.  Arsenous  Oxide. 

aCrOs  +         3HaS       =  CraOa  r         3HaO         f  S3. 

Chromiain  Trioxide.  Chromium  Sesquioxide.  "^  - 1, 

Hydrogen  sulphide  combines  with  many  metals,  decomposing  their 
oxides,  hydroxides,  or  carbonates.  Paper  moistened  with  lead  acetate 
solution  is  blackened  by  this  gas,  lead  sulphide  being  formed,  hence  this 
reagent  is  usually  employed  to  detect  its  presence. 

The  solution  has  also  been  used  medicinally;  it  is  given  internally 
in   about   one-half   ounce   doses. 

Hydrosulphides. — ^These  correspond  to  the  hydroxides  in  which  the  oxygen  has 
been  replaced  by  sulphur.  The  alkali  hydrosulphides  are  prepared  by  passing 
hydrogen  sulphide  into  solutions  of  the  hydroxides : 

MeOH     -r     HaS     ---,     MeSH     4      HaO. 

Sulphides. — ^These  are  binary  compounds  and  may  be  viewed  as  salts  of 
hydrosulphuric  acid.  Many  sulphides  occur  native  (aspyrite,  FeSa;galenite,  PbS; 
stibnite.  SbaSa).  Other  sulphides  may  be  prepared  as  follows  : 

(i)  By  fusion  of  the  metals  with  sulphur : 

Fea     4-     Sa     ==     aFeS,     or     Cua     i      Sa      -     2CuS. 

(2)  By  action  of  H9S  upon  metals  by  aid  of  heat,  excepting  Hg  and  Ag  which  react 
in  the  cold: 

Aga     +     HaS  AgaS      j      Ha. 

{3)  Action  of  H%S  on  metallic  oxides  or  hydroxides. 

PbO     -i      HaS     -^     PbS     -r     HaO,    or    4CaO     i-     jSa      -     4CaS     4      aSOa. 

4Fe(0H)8    4      6HaS     ^     4FeS     -     Sa  12  HaO. 

Also  salts  : 

CUSO4     +     HaS     ^     HaSOi      rCuS. 

The  alkali  sulphides  result  upon  adding  an  equal  quantity  of  hydroxide  to  the 
hydrosulphide  (MeSH  +  MeOH  =  MeaS  -f-  HaO).  The  various  alkali  poly  sul- 
phides (MeaSa  to  MeaSs)  are  prepared  by  boiling  the  normal  sulphide  with  the 
calculated  quantity  of  sulphur,  if  a  hydroxide  of  an  alkaline  earth  (Ca,  Ba,  Sr) 
*'  kI  witn  an  excess  of  sulphur,  polystuphides,  thiosulphates,  and  sulphates  result . 
By  the  reduction  of  sulphates  with  charcoal : 


is  boiled 
(4) 


KaSOi     -t-     aC     -----     KaS     +     2COa. 


(5)  By  ^^  action  of  H9S  upon  solutions  of  the  metals,  usually  their  chlorides : 
(a)  Sulphides  insoluble  in  dilute  acids— HgS.   PbS,   BiaSa,  CuS,   CdS,   SbaSs, 
AsA,  SnS,  AuS.  PtSa. 

(6)  Sulphides  soluble  in  dilute  acids,  but  insoluble  in  alkaline  sulphides,  pre- 
cipitated by  NH4HS  —  FeS,  NiS.  CoS.  MnS,  ZnS. 
(c)  Soluble  sulphides,  KaS,  Ka^.  CaS,  BaS.  SrS. 

Many  of  the  above  insoluble  sulphides  are  "distinguished  from  one  another  by 
their  characteristic  colors. 
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Properties. — In  the  presence  of  moisture,  oxygen  unites  with  sulphides,  foro 
ing  sulphates.  CuS  :  O4  -  CuSOi.  This  property  Is  made  use  of  in  many  indtfr 
tnal  OT^rations,  as  the  weathering  of  native  sulphides,  FeS  -r  O4  —  FeS(\ 
(in  making  alum  sulphate  from  alum  shales),  or  calcium  thiosulphate  fron 
waste  lime  sulphides  (aCaSs  -  30a  2CaSsOs  -r  3Sa).  When  roastea.  sulphida 
are  converted  mto  their  oxides  and  sulphur  dioxide  (aZnS  4-  30a^=  2ZnO  +  2SO1J; 
if  the  oxide  of  the  metal  is  decomposable  by  heat,  then  the  metal  remains  (HgS- 
Ofl  -  Hg  \  SOa).  Chlorine  decomposes  all  sulphides,  forming  chlorides  asd 
sulphur  chloride;  in  the  ])resence  of  water,  sulpnur  separates.  The  sulphides 
of  the  alkalies  and  alkaline  earths  are  soluble  in  water,  while  the  sulphides  of  the 
metals  are  insoluble. 

HYDROGEN   PERSULPHIDE,   HaS^. 

This  unstiihle  compound  is  ])repared  by  boiling  together  i  part  of  slaked  lime. 6 
parts  of  water,  and  2  parts  of  sublimed  sulphur,  and  pouring  the  clear  solution  into 
cold  concentrated  hydrochloric  acid.  The  heavy,  yellowish,  oily  compound  (sp. 
gr.  1.7)  scjxarates  and  sinks  to  the  bottom.  It  possesses  an  odor  similar  to  tlut 
of  hydrogen  sulphide,  and  an  acrid,  unpleasant  taste.  It  readily  decomposei 
into  hydrogen  sulphide  and  sulphur. 

COMPOUNDS   OF  SULPHUR  AND  THE  HALOGENS. 

SULPHUR    AND    CHLORINE. 

These  elements  combine  directly  to  form  three  distinct  compounds. 

Sulphur  Mcnochloride,  SaCla,  is  formed  by  passing  dry  chlorine  over  dry 
sulphur.  A  reddish-yellow  liquid  is  formed,  which  may  be  rectified  by  distillation. 
It  has  a  specific  gravity  of  1.69,  and  lx)ils  at  138°.  It  is  a  solvent  of  sulphur  to  the 
extent  of  66  per  cent.,  forming  a  thick  syrupy  liquid  which  is  used  in  vulcanizing 
rubber. 

Sulphur  Dichloride,  SCla.  is  formed  when  dry  chlorine  is  passed  into  the 
monochloride  at  o®.  The  excess  of  chlorine  is  removed  by  passing  carbon  dioxide 
through  the  liquid.  The  dichloride  is  an  unstable,  dark-red  liquid,  slowly  decoin* 
|K)sing  at  ordinary  tem]x?ratures  into  the  monochloride  and  chlorine.  The  same 
decomjKjsition  takes  ])lacc  on  the  addition  of  water. 

Sulphur  Tetrachloride,  SCI4,  is  ])repared  by  passing  chlorine  into  the  dichlo- 
ride at  a  tenif>craturc  of  — 20°  to  — 22°.  This  is  a  mobile,  yellowish-brown  liquid, 
which  decom])oses  as  the  temixjrature  rises  from  — 20°.  On  the  addition  of  water 
the  decomposition  takes  place  with  explosive  rapidity. 

SULPHUR    AND    BROMINE. 

Sulphur  Monobromide,  SaBrg,  is  the  only  compound  of  these  two  elements 
known  at  the  present  time.  It  is  prepared  by  the  direct  union  of  the  elements,  the 
excess  of  bromine  being  rcmoven  by  carbon  dioxide.  It  is  a  heavy,  red  liquid, 
which  is  stable  at  ordinary  temf)eratures,  but  decomposes  slowly  at  the  boiling 
j)oint,  200°  to  210°,  into  sulphur  and  bromine. 

SULPHUR    AND    IODINE. 

These  two  elements  unite  in  two  proportions. 

Sulphur  Moniodide,  Sala.  is  formed  when  the  two  elements  are  heated  together 
under  water,  or,  according  to  the  Pharmacopoeia,  without  water  in  a  loofidy- 
stopiK^red  Hask.  They  arc  directed  to  be  first  thoroughly  mixed  and  then  gently 
heated  until  the  mass  Ix^comes  of  a  uniform,  dark  color,  when  the  temperature  ]f 
increased  to  the  ]K)int  necessary  to  melt  them.  Thus  prepared,  Sulphuris  lodidnm, 
U.S. P.,  is  a  grayish-black,  crystalline  S(jJid,  with  the  characteristic  odor  of  iodioe. 
having  a  .somewhat  acrid  taste  and  a  slightly  acid  reaction.  It  is  insoluble  in  water. 
soluble  in  sixty  parts  of  glycerin,  and  very  soluble  in  carbon  disulphide.  Alcohol 
and  ether  remove  the  iodine,  leaving  the  sul]>hur.  It  is  gradually  decomposed  00 
exjM)sure  to  the  air,  with  loss  of  iodine.  On  the  application  of  heat  it  melts  at  60*. 
and  at  a  higher  teni[>erature  sublimes  with  partial  decomposition,  without  leaving 
any  residue.  Pn)loniied  l)oiling  with  water  removes  the  iodine,  which  escapes  witn 
the  steam,  leaving  the  suli>hur. 

Sulphur  hexiodide.  Sle.  is  obtained  by  evaporating  a  solution  of  the  two  element! 
in  carnon  disulphide.  when  crystals  similar  to  those  of  iodine  separate. 
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The  following  compounds  of  these  two  elements  are  known : 
Sulphur  Sesquioxide,  (Disulphiu*  Trioxide)  Sfiy 
Sulphur  Dioxide,  (Sulphurous  Anhydride)  SO^j. 
Sulphur  Trioxide,  (Sulphuric  Anhydride)  SO3. 
Sulphur   Heptoxide,  (Persulphuric  Anhydride)  Sfi^. 

Three  of  these,  SOj,  SO3,  and  SgO^,  unite   with   water   to  form  cor- 
:"esponding  acids,  the  first  and  second  being  the  more  important. 

502  +     H2O     =     H2SO3,     Sulphurous  Acid. 

503  +     H2O     =     HjSO,,     Sulphuric  Acid. 
S2O7    +     H2O     =     HgSjOy,    Persulphuric  Acid. 

There  are  also  the  following  acids,  which  are  known  only  in  the  form 
of  their  salts  : 

POLYTHIONIC  ACIDS. 

HjSjO^,  Hyposulphurous  Acid. 
HgSgOj,  Thiosulphuric  Acid. 
HjSjOg,  Dithionic  Acid. 
HgSjOg,  Trithionic  Acid. 
*  HjS^Og,  Tetrathionic  Acid. 

HjSjOg,  Pentathionic  Acid. 


SULPHUR   SESQUIOXIDE,   SaOa. 

This  compound  is  formed  when  sulphur  is  added,  in  small  quantity  at  a  time, 
to  sulphur  trioxide.  It  separates  as  a  dark-blue  liquid,  which  solidifies  into  bluish 
green,  crystalline  crusts. 

It  readily  decomposes  into  sulphur  dioxide  and  sulphur  : 


aSflOa 


sSOa 


O    S— OH 
HYPOSULPHUROUS     ACID,  HaSfl04.  or         | 

O    S— OH 

This  compound   should   not   be  confounded  with  thiosulphuric   acid,  HsSqOs, 
which  is  sometimes  improperly  called  hyposulphurous  acid. 

Preparation. — When  zinc   is  added  to  sulphurous  acid  the  following  reaction 
takes  place : 

3HaSOs     -i-     Zn     -r     HaSaOi     -^     ZnSOs      I      2HaO. 

Properties. — This  is  a  yellow  liquid  with  powerful  reducing  projjerties.     On  ex- 
poeure  to  air  it  is  rapidly  decomposed,  as  follows  : 


2HaSflO, 


3SO, 


2HaO 


It  is  a  more  powerful  bleaching  agent  than  sulphurous  acid,  and  precipitates  a 
ntuziber  of  the  metals  (Hg,  Ag,  Cu)  from  solutions  of  their  salts,  for  example  : 


HgCla  f         HaSaOi 

Mercuric  Hyposulphurous 

Chloride.  Acid. 


Hg 

Mercury. 


-i 


2HCI 


-I- 


2SOa. 

Sulphur 

Dioxide. 
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This  serves  to  distinguish  it  from  sulphurous  acid.  Salts  of  this  acid  have  been 
formed  which  are  true  hyposulphites.  When  sodium  bisulphite  is  treated  with 
zinc,  the  mixture  kept  cool,  ana  air  excluded,  the  hyposulpnite  is  formed  accord- 
ing to  the  following  reaction  : 

4NaHS03  Zn  NagSaOi.HaO     -\-     NaaSOa     -h     ZnSOs. 

Sodium  hyposulphite  is  decomposed  by  acids,  with  formation  of  sulphur  dioxide, 
sulphur,  and  a  salt  of  sodium. 

2Na8Sa04     -f-     2HaS04     =     3SOa     4      S     -f     2HaO     +     2Na9S04. 

SULPHUR  DIOXIDE. 

SULPHUROUS  OXIDE.     SULPHUROUS  ANHYDRIDE. 
Formula,  SOa,  or  O   -  S   -  O.  Molecular  Weight,  63.59. 

History. — Sulphur  dioxide,  or  sulphurous  oxide,  has  been  known 
from  very  early  times,  being  produced  by  burning  sulphur.  It  was 
used  as  a  disinfectant  by  the  Romans. 

Occurrence. — It  occurs  native  as  a  volcanic  gas,  and  is  found  in 
small  quantity  in  the  air  of  large  cities,  on  account  of  the  existence  of 
sulphur  in  coal. 

Preparation. — (i)  When  sulphur  is  burned  in  air  or  oxygen,  direct  union  of  the 
elements  takes  place,  with  the  formation  of  sulphur  dioxide  : 

Sa     +     20a     ^     2S0a. 

This  process  of  burning  is  used  in  nearly  all  cases  where  the  gas  is  made  on  a 
large  scale,  as  in  bleaching  and  the  manufacture  of  sulphites  and  sulphuric  acid. 

(2)  Through  the  decomposition  of  sulphuric  acid  (i  part)  by  heating  with  copper 
(§  part),  mercury,  silver,  zinc,  sulphur,  or  carbon: 

2H2SO4      +     Cu     =     CUSO4     -h     2HaO   +     SOa. 
,  2H2SO4      I        S      --=     2HaO       -h     3SOa. 

2HaS04     -h      C      -=     2HaO      ^     COa       f     2SOa. 

(3)  By  iieating  sulphur  with  various  metallic  oxides,  as  Pb,  Hg,  Mn,  Zn,  etc, 

Sa         -         MnOa         --=         MnS  t  SOa. 

Sulphur.  Manganese  Manganous  Sulphur 

Dioxide.  Sulphide.  Dioxide. 

2PbO     -f      2S     ^--     2PbS      f      SOa. 

(4)  By  decomposing  sulphites  with  dilute  acids  : 

NaaSOa  HaS04       -     NaaS04      f      HaO     -\-     SOa. 

(5)  Through  the  roasting  of  pyrite  or  other  native  sulphides  preliminary  to  the 
extraction  of  metals.  In  this  manner  sulphur  dioxide  is  prepared  for  the 
manufacture  of  sulphuric  acid  : 

CuaS      t      20a       -     SOa     i      2CuO. 
4FeSa     r      nOa      -     8SOa      f^     2FeaOs. 

Physical  Properties. — Sulphur  dioxide  is  b,  colorless  gas,  having 
a  suffocating  odor.    One  volume  of  water  'at  o®  dissolves  79.8  volumes 
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and  at  20°  39.4  volumes  of  the  gas.  Boiling  removes  the  gas  from 
solution.  At  a  temperature  of  — 10®,  or  under  a  pressure  of  three 
atmospheres,  the  gas  condenses  to  a  colorless,  mobile  liquid,  which  boils 
at  — 8®,  and  at  — 76°  becomes  a  crystalline  solid. 

The  liquid  sulphur  dioxide  has  a  specific  gravity  of  1.49  at  20.5®  and 
is  2.21  times  heavier  than  air.  It  is  obtainable  in  iron  cylinders.  On 
the  large  scale,  pressure  affords  the  cheapest  means  of  converting  the 
gas  into  the  liquid  state,  but  for  laboratory  experiments  it  may  be 
readily  obtained  in  the  liquid  condition  by  passing  it  through  a  tube 
surrounded  by  a  freezing  mixture  of  salt  and  ice. 

A  low  temperatiu*e  may  be  produced  by  the  vaporization  of  liquid 
sulphiu*  dioxide,  and  this  may  be  intensified  by  directing  a  current  of  air 
over  its  surface.  Like  liquid  ammonia,  it  is  employed  in  artificial  re- 
frigeration. 

The  gas  is  very  stable  under  high  temperatures  until  1 200*^  ar^  attained, 
when  decomposition  into  sulphur  trioxide  and  sulphur  takes  place : 

aSOa  2SO8  S. 

Chemical  Properties. — Both  gaseous  and  liquid  sulphur  dioxide,  in 
the  presence  of  water,  possess  active  bleaching  properties.  The  action 
in  this  case  is  a  reducing  one,  the  opposite  to  that  by  which  chlorine 
accomplishes  the  same  purpose.  In  the  presence  of  organic  matter  it 
appears  to  have  the  power  of  decomposing  water,  combining  with  the 
oxygen,  while  the  hydrogen  in  the  nascent  state  is  free  to  combine  with 
the  oxygen  of  the  coloring  matter,  forming  colorless  compounds  : 

SOa     -r     2HaO  HaSOi     f     Ha. 

The  coloring  matter  is  not  destroyed,  as  in  the  case  of  chlorine,  but 
may  be  restored  by  neutralizing  with  an  alkali,  or  by  the  action  of  a 
halogen,  hence  the  importance  of  thorough  washing  to  remove  these 
sulphur  compounds  in  the  process  of  bleaching.  It  is  especially 
valuable  in  the  bleaching  of  wool  and  silk  where  chlorine  would  injiu*e 
the  fabric.  The  articles  to  be  bleached  are  exposed  in  moist  condition, 
in  a  closed  compartment,  to  the  vapors  of  burning  sulphur,  and  after- 
wards thoroughly  washed.  Upon  exposure  to  the  air,  the  color 
gradually  returns. 

With  solutions  of  the  metallic  hydroxides  and  carbonates,  sulphur 
dioxide  produces  sulphites  according  to  the  following  reactions  : 

2KOH     ^     SOa  KaSOs     -\-     HaO. 

KaCOa    -r     SOa  KaSOs     +      COa- 

Certain  npietallic  peroxides  are  converted  by  sulphur  dioxide  into  sul- 
phates, as  follows  : 

PbOa     ^      SOa     --     PbS04. 

In  presence  of  the  halogens,  water  is  reduced,  forming  the  haloid  acid 
and  sulphuric  acid  : 

la     +•    SOa     +     aHaO      --     HaSOi     4      2HI. 
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In  the  absence  of  water  this  reaction  is  reversed,  as  follows  : 

HaS04     +     aHI     ^     U     r     SOa    +     aHtO. 

Tests. — Snlphnr  dioxide  is  detected  by  paper  which  has  been  saturated 
with  solutions  of  potassitxm  iodate  and  starch.  When  this  is  brought  in 
contact  with  the  gas  the  starch  is  turned  blue  by  the  liberated  iodine,  as 
follows  : 

V  2KIO8     +     sSOa     -i      4HgO     =-     2KHSO«      f     aHaSO*     -f     !». 

If,  however,  the  gas  should  be  in  excess  it  will  react  on  the  free  iodine, 
according  to  the  reaction  given  above  for  the  formation  of  hydriodic  acid, 
and  the  paper  will  be  bleached. 

When  brought  into  contact  with  paper  moistened  with  mercurous 
nitrate  solution,  sulphurous  oxide  causes  blackening  through  reduction 
to  metallic  mercury. 

aHgNOs     +     SOa    -f     aHaO     -=     Hga     -f     aHNOa      f     HaS04. 

Uses. — ^The  gas  is  used  extensively  in  bleaching,  disinfecting,  and  in 
the  manufacture  of  sulphurous  acid  and  the  sulphites. 

SULPHUROUS    ACID. 

Fc?rmuZa,  HaSQs,  or  SO(OH)a.    For  salts.  H-SOa(OH).    MoUctOar  Weight,  81.47. 

Acidum  Sulphurosum,  U.S. P. — This  acid  is  not  known  in  the  free 
state,  but  we  assume  its  presence  in  solution,  because  of  its  acid 
properties  forming  salts  with  bases  and  that  it  evolves  hydrogen  gas 
with  some  metals  (Mg,  Zn)  as  well  as  conducting  the  electric  current. 

Preparation. — It  is  prepared  by  passing  sulphur  dioxide  into  water  at  10®. 
The  U.  S.  Pharmacopoeia  recommends  that  the  gas  be  prepared  from  sulphuric 
acid  and  charcoal,  but  on  a  larger  scale  it  is  generally  made  by  burning  sulphur. 
For  the  details  and  reactions  involved  in  the  preparation  of  the  gas,  the  preceding 
pages  on  sulphur  dioxide  may  be  consulted. 

Properties. — ^The  official  sulphurous  acid  is  a  colorless  liquid,  of  a 
sulphurous  odor,  and  an  acid,  sulphurous,  and  somewhat  astringent 
taste.  It  has  the  specific  gravity  1.028  at  25°,  and  contains  6  per  cent,  of 
the  gas  by  weight.  It  reddens  litmus  paper  strongly,  and  then  bleaches 
it.  On  the  application  of  heat,  all  the  gas  is  given  off,  and  then  the  water 
volatilizes,  leaving  no  residue.  This  property  would  serve  to  detect  many 
impurities.  Not  more  than  a  turbidity  should  be  produced  on  adding 
to  sulphurous  acid  a  little  barium  chloride  and  dilute  hydrochloric  acid, 
indicating  the  absence  of  more  than  traces  of  sulphuric  acid.  Upon 
standing,  especially  in  sunlight,  sulphurous  acid  absorbs  oxygen  and 
rapidly  passes  over  into  sulphuric  acid. 

Sulphites. — Sulphurous  acid  is  dibasic, — that  is,  has  two  hydrogen 
atoms  replaceable  by  bases.  This  gives  rise  to  two  series  of  salts,  the  acid 
or  W-sulphites,  in  which  only  one  hydrogen  atom  is  replaced,  as  follows  : 

KOH     +     HaSOa    =     KHSOa     +     HaO, 
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and  the  normal  sulphites,  in  which  both  hydrogen  atoms  are  replaced, 
as  follows : 

2KOH     +     HaSOs     --     KaSOs     -f     2HaO. 

The  sulphites  are  usually  prepared  by  passing  the  gas  from  burning 
sulphur  into  a  solution  of  a  hydroxide  or  carbonate ;  the  amount  of  gas 
used  determines  whether  an  acid  or  normal  sulphite  is  formed.  Except 
the  sulphites  of  the  alkali  metals,  sulphites  are  more  or  less  insoluble  in 
water. 

Heat  decomposes  the  sulphites  of  the  alkaline  earths  and  metals  into 
oxides  and  sulphur  dioxide,  as  : 

^/  CaSOs     ---^    CaO    -h    SOa ; 

the  alkali  sulphites  into  sulphates  and  sulphides,  as  : 

4KaS08     -     3KaS04     4      KaS. 

Sulphites  are  also  decomposed  by  the  addition  of  hydrochloric  or  sul- 
phuric acid,  evolving  sulphur  dioxide,  and  forming  a  chloride  or  sulphate 
of  the  base.  The  bisulphite  and  sulphite  of  sodium,  NaHSO,  and 
NagSOj.yHjO.  are  official.  Solutions  of  the  sulphites  gradually  change 
to  sulphates. 

Detection. — Sulphurous  acid,  the  sulphites,  as  well  as  the  bisulphites, 
are  easily  detected  by  the  addition  of  zinc  and  hydrochloric  acid  to 
their  solution,  when  hydrogen  sulphide  will  be  evolved  : 

3Zn     -f     6HC1     +     HaSOs     =     3ZnCla    +     aHaO     +     HaS. 

The  use  of  an  acid  is  necessary  in  this  reaction,  since  in  its  absence 
hyposulphurous  acid  is  produced. 

Upon  adding  an  acid  to  the  solution  of  a  sulphite,  sulphur  dioxide  is 
liberated,  which  may  be  detected  as  directed  on  page  216. 

The  salts  of  silver,  mercury,  and  lead  added  to  sulphurous  acid  or  a 
sulphite  produce  a  precipitate  which  blackens  on  heating,  owing  to 
fonnation  of  sulphide. 

The  sulphites  and  bisulphites  are  largely  used  in  bleaching  and  disin- 
fecting, and  in  addition  are  employed  more  or  less  in  medicine. 

SULPHUR   TRIOXIDE. 
SULPHURIC  OXIDE.     SULPHURIC  ANHYDRIDE. 

Formula,  SO3,  or  S  -O  Molecular  Weight,  79.47. 


\o 


Preparation. — This  compound  may  be  prepared  by  direct  union  of  two  vol- 
umes of  sulphur  dioxide  with  one  volume  of  oxygen,  by  passing  them  over  platin- 
ized asbestos  or  clay  (finely  divided  platinum)  heated  to  about  400®  (page  221). 

2SO2     -f     Oa     --     2SO3. 

The  white  fuming  compound  is  conducted  into  a  well-cooled  receiver,  where  it 
condenses  in  long  needles.     Finely  divided  ignited  oxides  of  certain  metals,  as 
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FejOs,  CraOs,  MnOa.  etc.,  also  possess  this  property,  though  in  lesser  degree  than 
platinum.  These  are  termed  ** contact"  substances,  since  they  bring  about  domi- 
cal union  of  these  two  gases. 

Sulphuric  anhydride  may  be  prepared  by  heating  anhydrous  sulphates,  f.  g., 
ferric  sulphate: 

Fea(S04)8  FeaOs      -     3SO8. 

Also  on  heating  the  fuming  (Nordhausen)  sulphuric  acid: 

HaSa07     --     HaSO*     -     SO3. 

On  heating  concentrated  sulphuric  acid  with  phosphorus  pentoxide,  water  is 
extracted  and  sulphuric  oxide  formed: 

HaSO*     -     PaOs     -=     aHPOs     -r     SOs. 

Physical  Properties. — Sulphur  trioxide  consists  of  long  transparent 
prisms.  When  perfectly  anhydrous  it  fuses  at  14.8°,  and  boils  at  46.2°. 
On  standing  for  some  time  at  ordinary  temperatures,  long  crystalline 
fibres  slowly  form,  which  fuse  at  50°. 

The  pure  trioxide  at  16°  is  a  colorless,  mobile  fluid  which  has  a  spe- 
cific gravity  of  1.94. 

Chemical  Properties. — Sulphur  trioxide  possesses  a  great  affinity 
for  water,  and  fumes  on  exposure  to  air.  When  thrown  on  water  it  dis- 
solves with  a  hissing  noise,  generating  considerable  heat. 

SOs     -f      HaO  HaS04. 

When  mixed  with  metallic  oxides,  e.  g.,  barium  oxide,  sulphates  result. 

BaO      1      SOs     -^     BaS04. 

The  evolution  of  heat  is  so  great  in  this  reaction  that  the  mass  becomes 
red-hot.  At  red  heat,  sulphuric  oxide  vapors  are  decomposed  into 
sulphur  dioxide  and  oxygen.  Because  of  its  great  affinity  for  moisture 
it  chars  many  organic  substances.  Sulphur  trioxide  is  manufactured  on 
a  large  scale,  and  comes  into  commerce  in  soldered  iron  boxes  or  sealed 
glass  globes. 

Uses. — It  is  used  in  the  preparation  of  artificial  alizarin,  and  in  dis- 
solving indigo,  and  the  manufacture  of  sulphuric  acid. 

SULPHURIC  ACID. 

Formula,  HaS04,  SOa(OH)a.  Molecular  Weight,  97.35. 

History. — A  weak  sulphuric  acid  was  known  from  very  early  times; 
pyrosulphuric  acid  was  prepared  by  the  Arabians  through  the  dry 
distillation  of  burnt  alum.  The  Benedictine  monk,  Basilius  Valentinus, 
of  Erfurt,  introduced  (about  1450)  fuming  acid  prepared  by  the  dry 
distillation  of  weathered  ferrous  sulphate  (basic  ferric  sulphate).  Later, 
Valentinus  prepared  sulphuric  acid  by  burning  a  mixttu-e  of  sulphur 
and  saltpetre.  About  16 13,  Angelus  Sala  modified  this  process  by 
burning  sulphur  in  the  presence  of    an  abundant  supply  of  air  with 
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steam.  The  preparation  of  sulphuric  acid  from  sulphur,  on  the  technical 
scale,  was  first  attempted  about  the  middle  of  the  i8th  century.  A 
crude  form  of  the  present  process  is  said  to  have  been  introduced  into 
England,  from  the  Continent,  in  the  early  part  of  the  last  century,  by 
Cornelius  Drebbel.  This  method  consisted  in  burning  sulphur  and  nitre 
together  in  large  glass  globes,  the  bottoms  of  which  were  covered  with 
water.  This  glass  vessel  was  replaced  by  the  present  lead  chamber  at 
the  suggestion  of  Dr.  Roebuck,  in  1746.  The  Gay-Lussac  tower  has 
been  in  use  since  1842,  and  the  Glover  tower  since  1859.  .  The  *'  Contact 
Process  "  for  the  manufacture  of  sulphuric  acid  is  the  outcome  of  the 
investigations  of  Clemens  Winkler  (1875)  ^^^  Plattner,  on  the  technical 
production  of  sulphuric  anhydride. 

Occurrence. — In  the  free  state  sulphuric  acid  is  found  in  springs 
originating  in  the  vicinity  of  volcanoes,  and  in  certain  rivers  that  have 
their  sources  in  the  Andes  of  South  America.  In  combination  it  occurs 
as  the  sulphates  of  calcium,  barium,  magnesium,  and  a  number  of  other 
metals. 

Preparation. — ^There  are  two  methods  in  use  for  the  preparation  of  sulphuric 
acid;  both  of  these  depend  upon  the  oxidation  of  SOa  to  SOs,  which  dissolves  in 
water,  forming  the  acid.  In  one  process  (lead  chamber),  SOa  is  oxidized  by  means 
of  the  vapors  of  nitric  acid,  while  in  the  other  (contact  process)  the  SOa  is  oxidized 
by  means  of  air  (O)  through  the  agency  of  catalytic  substances. 

Lead  Chamber  Process. — In  this,  tne  formation  of  sulphuric  acid  is  based  on 
the  oxidation  of  sulphur  dioxide  in  the  presence  of  water.  This  takes  place  slowly 
with  atmospheric  oxygen,  but  rapidly  in  the  presence  of  the  oxides  of  nitrogen, 
which  after  deoxidation  readily  abstract  oxygen  from  the  atmosphere. 

The  following  reaction  is  the  simplest  expression  for  what  takes  place  in  the 
*•  lead  chamber  process  "  : 


2SOa 

+ 

NsO« 

+ 

2HaO 

2HaS0« 

+ 

NsO,. 

Sulphur 
Dioxide. 

Nitroffen 
Tetrosude. 

Water. 

Sulphuric 
Add. 

Nitrogen 
Dioxide. 

This  reaction  may  be  accomplished  on  a  small  scale  by  conducting  into  a  lar^e 
glass  globe  sulphur  dioxide,  nitrogen  dioxide,  steam,  and  air.  The  process  will 
apparently  go  on  indefinitely,  since  the  nitrogen  dioxide  is  converted  into  tetroxide 
by  the  oxygen  of  the  air;  but  the  nitrogen  of  the  air  introduced,  gradually  accumu- 
lates and  so  dilutes  the  mixture  as  to  prevent  further  action  until  it  is  removed. 

When  the  steam  is  not  simultaneously  admitted  with  the  other  gases  there  are 
deposited  "lead  chamber  crystals,"  nitrosyl-sulphtiric  acid: 

2SOa     -h     NaO*     -f     O     +     HaO     --     2[SOa.OH(ONO)], 

which  dissolve  on  the  admission  of  steam,  forming*  sulphuric  acid  and  oxides  of 
nitrogen : 

2[SOa.OH(ONO)]     -r     HaO     =     2HaS04     -f     NO     +     NOa. 

On  the  large  scale  the  lead  chamber  process  is  carried  out  by  the  most  econom- 
ical methods,  and  therefore  by  the  use  of  the  cheapest  materials.  In  England 
the  sulphur  dioxide  is  orepared  by  roasting  pyrites,  or  other  native  sulphides 
(4FeSa  -4  nOa  —  8SOa  -f-  2Fea08);  in  the  United  States  from  pyrites,  and  by 
burning  sulphur.  The  oxides  of  nitrogen  are  prepared  by  the  action  of  sulphuric 
acid  on  Chin  saltpetre. 

A  view  of  the  lead  chambers  with  the  two  towers  is  shown  in  Fig.  100. 

The  details  of  the  process  are,  briefly,  as  follows:  Sulphur  dioxide,  generated 
by  one  of  the  methods  above  stated,  is  passed  into  the  Glover  tower,  c,  where  it  is 
cooled  and  mixed  with  dilute  sulphuric  acid,  which  trickles  down  over  the  pieces  of 
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bricks  into  the  tower  froin  m;  at  the  same  time  from  a 
runs  down,  and  mixes  with  this,  concentrated  sulphuri 
of  nitroEen  in  solution. 

The  effect  of  this  mixing  with  dilute  acid  is  to  liberate  the  oxides  of  nitrogen 
from    the   concentrated  acid,  which,  with  the  sulphur  dioxide,   oxygen,   nitric 


Fig. 


;  passed  into  chamber  a 
2HNOa    ^     HbSO, 


where  the  following  reactions  tak« 


acid,  and  steam,  a 

""^^     (i)  SOs     i      2HNOa    ^     HbSO,  NsO*. 

(a)  aSOa    +     NOt     -^     NO      :      Oa      i      HsO  aSO«H(NO), 

(3)  2SO4HNO      r      aH^  3S0*Ha      i       iHNOs. 

(4)  sHNOs     --     NO      I      NOa     -|      HjO.    l-^ 

From  the  first  chamber  the  uncombinod  gases  pass  into  a  second  chamber, 
where  further  combination  and  condensation  take  place,  and  in  a  third  chamber 
the  condensation  is  completed,  so  that  onlv  oxides  of  nitrogen  and  nitrogen  gas 
escape  into  the  Gay-Lussac  tower,  k.  In  this  latter  tower  the  oxides  are  dissolved 
by  concentrated  sulphuric  acid  from  m  trickling  down  over  pieces  of  coke. 

When  this  concentrated  acid  i^aches  the  bottom,  saturated  with  oxides  of 
nitrogen,  it  Is  transferred  by  suitable  pipes  to  the  top  of  the  Glover  tower,  to  run 
down  and  mix  with  fresh  quantities  01  dilute  acid  and  sulphur  dioxide.  The  con- 
centrated acid  for  the  Gay-Lussac  tower  is  taken  from  the  bottom  of  the  Glover 
tower,  as  the  mixed  dilute  and  strong  acids  in  meeting  with  the  hot  gases  have 
been  deprived  of  nearly  all  water. 

The  circulation  of  gases  throuch  the  system  of  towers  and  chambers  is  main- 
tained by  the  draught  of  a  tall  chimney. 

It  will  be  seen  that  the  same  suli>huric  acid  is  repeatedly  used  and  nearly  all  the 
uxides  of  nitrogen  are  saved,  sii  that  the  process  consists  in  generating  a  contin- 
uous supply  of  sulphur  dioxide  with  a  small  quantity  of  nitric  acid  to  make  up  the 
loss  which  is  unavoidable.  The  princijia!  s«|)pty  of  oxygen  comes  from  the 
Atmosphere.     The  oxides  of  nitrogen  serve  as  the  oxygen  c 
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The  furnace  in  which  the  sulphur  or  pyrites  is  burned  is  so  arranged  as  to  furnish 
the  necessary  heat  for  the  decomposition  of  the  nitrate. 

The  acid  in  the  bottom  of  the  lead  chamber  is  drawn  off  when  it  attains  a  con- 
centration of  about  64  per  cent,  of  absolute  sulphuric  acid.  If  allowed  to  become 
more  concentrated  than  this  it  begins  to  absorb  nitrous  fumes.  It  is  then  concen- 
trated in  leaden  pans  until  it  reaches  the  specific  gravity  of  1.75,  containing  78 
per  cent,  of  the  acid,  when  it  commences  to  attack  the  lead,  and  is,  therefore, 
transferred  to  vessels  of  iron,  glass,  or,  best  of  all,  platinum,  to  be  finally  concen- 
trated or  distilled.  Even  platinum  is  slowly  attacked  by  the  acid,  so  that  recently 
it  has  been  found  advantageous  to  line  these  platinum  stills  with  gold.  The  loss  in 
platinum  in  concentrating  sulphuric  acid  of  92}  per  cent,  is  not  more  than  5  to  10 
cents  a  ton  of  acid,  while  with  an  acid  of  95  per  cent,  the  loss  may  be  as  high  as 
40  cents  per  ton. 

Contact  Process. — As  already  noted  sulphur  dioxide  unites  directly  with  oxygen 
to  form  sul{>hur  trioxide  through  the  catalytic  action  of  platinized  asbestos,  when 
heated.  This  reaction  is  the  basis  of  the  "contact"  process  as  carried  out  on  an 
immense  scale  industrially.  The  successive  operations  involved  are  (i)  the  prep- 
aration of  a  mixture  of  sulphur  dioxide  and  air  (O) ;  (2)  the  purification  of  this 
mixture;  (3)  the  formation  of  sulphur  trioxide;  (4)  the  absorption  of  SOs  in 
sulphuric  acid  and  water.  The  sulphur  dioxide,  prepared  by  roasting  pyrites 
or  burning  sulphur,  is  mixed  witn  air  in  the  proportion  to  secure  2  volumes 
of  SOa  to  3  volumes  of  O  (15  vols,  of  air).  This  roast  gas  mixture  is  freed  from 
dust  and  arsenic  vapors  (wnich  tend  to  destroy  the  catalytic  properties  of  the 
contact  mass  of  platinum)  either  by  means  of  a  jet  of  steam,  or  by  partially 
cooling  and  filtering  through  asbestos  wool.  The  dried  vapors  are  then  passed 
upwards  through  vertical  wrought-iron  tubes  heated  to  400®,  which  contain  plat- 
nized  asb^tos  or  platinum  (finely  subdivided)  mixed  with  metallic  oxides,*  sup- 
ported upon  perforated  diaphragms.  Or,  according  to  the  Schroeder  process, 
magnesium  sulphate  moistened  with  platinic  chloride,  serves  as  the  contact  mass, 
The  mixed  gases  pass  through  this  heated  to  about  400°.  Here,  through  contact, 
sulphur  trioxide  is  formed,  which  is  passed  into  concentrated  sulphuric  acid  (97  to 
98  per  cent.)  for  absorption,  water  being  added  from  time  to  time  to  keep  the 
concentration  of  the  acid  down  to  this  point.  A  sulphuric  acid  weaker  or  much 
stronger  than  97  per  cent,  fails  to  completely  absorb  the  vapors  of  SOs  as  they 
pass  over. 

Lead-chamber  sulphuric  acid,  when  prepared  without  distillation,  is 
dark  in  color  and  contains  chiefly  lead  sulphate,  arsenic,  and  frequently 
oxides  of  nitrogen.  Such  an  acid  is  employed  in  various  technical  opera- 
tions. Chemicals  prepared  by  the  use  of  this  acid  will  naturally 
contain  some  of  the  chief  impurities  of  the  sulphuric  acid.  The  com- 
mercial 98  per  cent,  acid  which  is  concentrated  in  cast-iron  stills  is 
usually  turbid  from  the  presence  of  ferrous  sulphate.  The  chemically- 
pure  acid  is  distilled  in  platinum  stills. 

Physical  Properties. — When  pure,  sulphuric  acid  is  a  colorless,  oily, 
inodorous,  corrosive  liquid  of  the  specific  gravity  1.837  (25^)  when  of 
98  per  cent,  strength.  The  acid  prepared  by  the  *' contact"  process  is 
not  distilled  6(nd  is  very  pure.  When  the  concentrated  acid  is 
sufficiently  cooled,  crystals  of  anhydrous  acid  separated  which  fuse  at 


♦The  various  metals  which  serv^e  as  catalytic  contact  agents  when  in  a  finely 
subdivided  state  mav  be  classed  as  follows: 

1.  Metals  of  the  platinum  group. 

2.  Oxides  of  Fe,  Cr,  Ni,  Co,  Mn,  Ur,  Cu. 

3.  Oxides  of  Al,  Be.  Ce,  Di.  La.  Th,  Ti.  Si. 

4.  Mixtures  of  class  i  with  one  or  more  of  2  and  3. 
q.  Mixtures  of  classes  2  and  3. 

Metals  of  classes  a,  3  and  5  are  only  efficient  at  high  temperature  (about  700**) 
while  I  and  4  react  at  a  lower  temperature  (400°). 
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10.5°.  When  heated,  the  anhydrous  acid  begins  to  fume  at  40**, 
SO3  escaping;  this  continues  until  the  temperature  reaches  338°,  when 
an  acid  of  98.5  per  cent,  distils  over  unchanged. 

The  so-called  sulphuric  acid  *'C.P.'*  (chemically  pure),  is  of  98  per 
cent,  strength,  while  the  Acidum  Sulphuricum,  U.S. P.,  also  chemically 
pure,  is  ofj^2^  per  cent,  and  has  a  gravity  of  1.826  at  25°. 

Chemical  Properties. — Sulphuric  acid  has  a  strong  affinity  for 
water,  hence  is  employed  for  drying  gases  and  in  desiccatorsT  vVTien 
niTxed  with  water  great  heat  is  developed.  In  diluting,  the  acid  should 
always  be  poured  into  the  water  slowly  and  with  constant  stirring ;  when 
the  reverse  is  attempted  the  acid  is  liable  to  be  thrown  out  by  the  violent 
ebullition  resulting  from  the  sudden  rise  in  temperature  and  escape  of 
steam.  The  mixing  is  accompanied  by  diminution  of  volume,  the  maxi- 
mum contraction  amounting  to  8  per  cent,  when  one  molecule  of  the 
acid  is  mixed  with  two  of  water,  the  hydrate  HgSO^  +  sH^O,  being  formed. 
On  account  of  this  affinity  for  water,  organic  substances  are  rapidly  decom- 
posed, hydrogen  and  oxygen  in  the  proportion  to  form  water  being  re- 
moved, and  carbon,  in  many  compounds,  separating.  An  example  of 
this  occurs  when  sulphuric  acid  is  added  to  sugar.  The  concentrated  acid 
does  not  so  readily  attack  metals  as  that  which  is  more  diluted.  In 
some  cases  the  metal  becomes  coated  with  a  layer  of  sulphate,  which 
prevents  further  action.  This  is  notably  the  case  with  zinc  and  iron. 
Copper,  mercury,  antimony,  bismuth,  lead,  and  silver  are  dissolved  on 
heating  with  the  acid,  a  reduction  of  the  latter  taking  place  with  an 
evolution  of  sulphur  dioxide  at  the  same  time.  Gold,  platinimi,  and 
some  other  of  the  noble  metals  are  not  appreciably  affected  even  by 
boiling  with  the  acid.  When  sulphuric  acid  vapors  are  passed  over 
red-hot  porous  bodies,  it  is  decomposed  into  SOj,  Hfi  and  O. 

Uses. — Sulphuric  acid  is  consumed  in  all  branches  of  chemical  indus- 
try. Perhaps  its  most  extensive  use  is  in  the  Leblanc  soda  industry, 
where  the  chamber  acid  is  employed  without  concentration.  It  is  also 
largely  consumed  in  the  refining  of  petroleum,  in  the  manufacture  of  the 
inorganic  acids,  in  the  manufacture  of  fertilizers,  in  making  parchment, 
in  the  conversion  of  starch  into  glucose,  and  in  the  manufacture  of 
carbon  dioxide  from  calcium  carbonate. 

Tests  and  Impurities. — Concentrated  sulphuric  acid  when  heated 
with  mercury  or  charcoal  evolves  fumes  of  sulphur  dioxide.  Sul- 
phuric acid  and  sulphates  in  aqueous  solution  are  detected  by  giving 
a  white  precipitate  with  barium  chloride,  insoluble  in  hot  concentrated 
acids ;  also  by  the  white  precipitate  which  they  form  with  salts  of  lead, 
insoluble  in  dilute  acids,  but  soluble  in  hot  concentrated  acids'.  Sul- 
phates may  also  be  detected  by  heating  a  fragment  of  charcoal  with 
sodium  carbonate  and  moistening  the  fused  mass  on  a  silver  coin  with  a 
drop  of  diluted  hydrochloric  acid,  when  a  dark  stain  of  silver  sulphide 
will  be  produced.    This  is  known  as  the  Hepar  reaction. 

Thechief  impurities  in  the  "lead-chamber"  acid  are  lead,  iron,  arsenic, 
selenium,  and  the  oxides  of  nitrogen.      For  the  detection  of^ these  see 
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U.S.P.    The  presence  of  organic  matter  is  recognized  by  the  dark  color 
it  imparts  to  the  acid. 

Sulphates. — Sulphuric  acid  forms  two  series  of  salts,  the  neutral  or 
nomtcd  sulphates,  in  which  both  hydrogen  atoms  of  the  acid  are  replaced 
by  a  base,  as  Na^SO^,  and  the  acid  sulphates,  in  which  only  one  hydrogen 
atom  is  replaced  by  a  base,  as  NaHSO^.  Most  of  the  sulphates  are  soluble 
in  water,  the  important  exceptions  being  those  of  barium,  strontium, 
calciimi,  and  lead.  The  sulphates  of  the  alkaline  earths  and  lead  are  not 
affected  by  heat;  the  other  metallic  sulphates  are  decomposed  at  high 
temperature,  generally  yielding  an  oxide  and  sulphur  dioxide. 

CUSO4      --    CuO     i     SO2     i     O. 
HgS04     --     Hg      i      SOa      i      Oa. 

Sulphates  of  the  formula  Mej(S0^)3  yield  SO3. 

Fea(  504)3  FeaOs      :      3SO8. 

When  heated  to  redness  with  charcoal,  the  sulphates  yield  sulphides. 

CaS04     -I-     C4     =     CaS     -h     4CO. 
NaaS04     +     C4      -     NaaS     -f      4CO. 

NORDHAUSEN.  OR  DISULPHURIC,   ACID,   H,SjO,. 

(HO)SOa— O— SOa(OH) 
PYROSULPHURIC  ACID.       FUMING  SULPHURIC  ACID. 

This  is  the  oldest  of  the  sulphuric  acids  (the  original  oil  of  vitriol), 
and  was  originally  manufactured  in  the  vicinity  of  Nordhausen,  Ger- 
many, but  later  the  industry  was  transferred  to  Bohemia. 

The  operation  is  commenced  by  roasting  pyrites,  by  which  ferrous 
sulphate  and  basic  ferric  sulphate,  FCjSjOg,  are  formed.  On  lixiviating 
the  mass  a  solution  of  the'  sulphates  is  obtained,  which,  on  evaporation 
and  ignition,  gives  a  residue  of  the  basic  sulphate  alone.  The  presence 
of  the  ferrous  salt  is  avoided  as  far  as  possible  on  account  of  the  forma- 
tion of  sulphur  dioxide  (2FeSo^  =  FcjO^  +  SOg  +  SO3).  On  submit- 
ting the  basic  salt  to  distillation  the  following  reaction  takes  place  : 

\\      0         ^    FeAOg  --^      FeaOs     4      2SO8. 

The  residue  is  the  caput  mortuum  or  colcothar  used  in  polishing.  This 
acid  is  also  prepared  by  dissolving  sulphur  trioxide  in  concentrated 
sulphuric  acid: 

HaS04      r      SOa  HaSaOv. 

This  would  require  about  45  per  cent,  of  the  trioxide,  but  the  commercial 

acid  often  contains  less  than  20  per  cent,  of  it. 

« 
Properties. — Fuming  sulphuric  acid  is  a  thick,  oily  liquid,  colorless 

when  pure,  but  often  of  a  brownish  color  from  small  quantities  of  organic 
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matter.  As  ordinarily  found,  its  specific  gravity  is  rarely  above  1.865. 
Since  the  introduction  of  the  trioxide  into  commerce  this  may  be 
obtained  in  sealed  tubes  or  bulbs.  It  is  of  semi-solid  consistence,  and  of 
the  specific  gravity  1.900.  When  the  acid  is  cooled,  large  crystals  sep- 
arate, which  are  of  a  white  color  and  melt  at  35°. 

Disulphuric  acid  forms  both  acid  and  normal  salts;  for  example, 
with  sodium  we  have  NaHSjO^  and  Na^SjOy. 

The  Nordhausen  acid  has  no  uses  in  pharmacy,  but  is  employed 
in  analysis  largely  in  the  arts  for  dissolving  indigo  and  in  the  preparation 
of  artificial  alizarin  and  other  organic  compounds. 

'      ^  /OH 

'^^     THIOSULPHURIC  ACID,  H^SA-     SOZ 

\SH 

This  acid  is  not  known  in  the  free  state,  but  only  in  combination 
with  bases,  of  which  sodium  thiosulphate,  Na2S203.5H20,  is  the  most 
important.  .  Upon  attempting  to  liberate  the  acid  it  decomposes  into 
sulphurous  oxide  and  sulphur  : 

NaaSaOs     +     HaSO*     =     Na8S04     +     HaSaOs. 
HaSaOs     --     HaO     -\-     SOa     +     S. 

The  salt  is  improperly  called  hyposulphite  of  sodium,  and  consequently 
the  acid  is  also  miscalled  hyposulphurous  acid,  a  name  which  belongs  to 
the  compound  HgSjO^. 

Thiosulphates. — The  sodium  salt  may  be  prepared  by  boiling  together 
sulphur  and  sodium  sulphite : 

NaaSOs      t      S  NaaSaOa. 

By  boiling  a  concentrated  solution  of  sodium  hydroxide  with  sulphur, 
sodium  thiosulphate  and  pentasulphide  are  formed. 

6NaOH     -I       6Sa     -       NaaSaOa      i-     2NaaS6     -      3  HaO. 

It  is  also  formed  when  sulphur  dioxide  is  passed  into  a  solution  of 
sodium  sulphide  (obtained  by  heating  the  sulphate  with  carbon)  the  re-  ' 
action  taking  place  in  two  stages  according  to  the  following : 

3SOa     +     2NaaS     ==     2Na^03     -{-     3S. 
NaaSOa     -[      S     =     NaaSaOs. 

When  sodium,  or  calcitmi,  poly  sulphide  is  exposed  to  the  air,  it 
absorbs  oxygen  and  is  converted  into  a  thiosulphate  : 

NaaSa     r     3O     --     NaaSaOa     -\      3S. 

In  case  the  calcium  salt  is  formed  it  may  be  converted  into  the  sodium 
salt  by  the  addition  of  sodium  carbonate.  The  lime  used  in  purifying 
illvmiinating  gas,  and  known  as  gas  lime,  contains  calcium  pentasulphide 
and  thiosulphate.    This  is  exposed  to  the  air,  whereby   the  sulphide 
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is  converted  into  thiosulphate,  the  mass  is  lixiviated  with  water,  and 
the  solution,  by  double  decomposition  with  sodium  carbonate,  gives 
calcium  carbonate  and  sodiimi  thiosulphate,  as  follows : 

CaSsOa     +     NaoCOs     =     CaCOa     +     NaaSaOs. 

This  and  the  waste  lime  and  alkali  sulphides  from  the  manufacture  of 
sodium  carbonate,  are  the  sources  of  the  commercial  salt. 

Properties. — Sodium  Thiosulphate,  U.S. P.,  NajSgOj  +  5H2O,  occurs 
in  large,  colorless,  transparent,  monoclinic  prisms  or  plates,  efflorescent 
in  dry  air,  odorless,  having  a  cooling,  somewhat  bitter  and  sulphurous 
taste.     \/^/xo-^  1      f^h^OlfJ^f^  f^Lc^c.-€ly  -w^ 

The  aqueous  solution  dissolves  the  halogen  salts  of  silver. 

NaCI. 


AgCI 

f         NaaSaOs 

NaAgSgOa 

1 

Silver 

Sodium 

Sodium-silver 

Chloride. 

Thiosulphate. 

Thiosulphate. 

\ 

This  reaction  takes  place  in  ** fixing"  dry  plates  after  development. 
Solutions  of  iodine  are  decolorized  by  this  salt  according  to  the  follow- 
ing equation  : 


-f 


iNasSgOs 


2NaI         +         NaaSiOe. 

Sodium 
Tetrathiotiate. 


Upon  adding  an  acid  to  the  aqueous  solution  of  a  thiosulphate,  sulphur 
dioxide  escapes  (recognized  by  its  odor,  and  blackening  paper  moistened 
with  mercurous  nitrate,  T.S.),  and  a  white  precipitate  of  sulphur  forms 
(distinction  from  a  sulphite). 


SULPHUR  HEPTOXIDE,  Sfij. 

This  is  the  highest  oxide  of  sulphur  and  is  obtained  by  the  silent 
discharge  of  high  tension  on  a  mixture  of  sulphur  dioxide  and  oxygen 
(4SO2  -f-  3O2  =  2S2O7).  The  compound,  which  forms  oily  drops,  is 
quite  unstable.  When  added  to  water,  sulphuric  acid  and  oxygen  are 
produced;  if  added  to  dilute  sulphuric  acid,  persulphuric  acid  results. 

PERSULPHURIC  ACID,  HaSaOs. 

Potassium  and  ammonium  persulphates  may  be  prepared  by  electrolyzing  acid 
solutions  of  potassitmi  or  ammonium  sulphates  respectively.  The  crystalline 
persulphates  separate  at  the  positive  pole  or  anode  of  the  battery. 

The  most  striking  property  of  tne  persulphates  is  their  powerful  oxidizing 
action,  whether  us^  m  neutral,  acid  or  alkaline  solution.  From  chlorides 
and  iodides  the  free  halogen  is  liberated,  while  a  neutral  sulphate  is  formed;  ferro- 
cyanides  are  changed  mto  ferricyanides,  manganates  in  alkaline  solution  aie 
cnanged  into  permanganates,  and  many  of  the  metals  are  dissolved  with  the 
formation  of  sulphates.  Many  organic  substances  are  also  oxidized  by  acid  or 
alkaline  persulphate  solutions.  Thus,  indigo,  litmus,  and  turmeric  are  easily 
bleached  oy  it. 

DITHIONIC  ACID,  HaSaOa 

Preparation. — When  sulphur  dioxide  is  passed  into  water  in  which  manganese 
dioxide  is  suspended,  the  following  reaction  takes  place:  MnOg  +  2S08  =  MnS80e. 

IS 
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Dithionic  acid  is  only  known  in  aqueous  solution;  upon  concentrating,  it  is 
decomposed  into  sulphuric  acid  and  sulphuric  dioxide. 

The  dithionates  are  not  so  easily  oxidized  as  the  thiosulphates.  On  heating, 
however,  they  are  decomposed  into  sulphur  dioxide  and  a  sulphite.  They  do  not 
precipitate  sulphur  on  the  addition  of  hydrochloric  acid  and  heating;  this  dis- 
tinguishes them  from  the  thiosulphates. 

TRITHIONIC  ACID,  HaSsOa. 

Preparation. — ^When  sublimed  sulphur  and  a  strong  solution  of  acid  potas- 
sium sulphite  are  digested  at  a  temperature  of  from  50^  to  60**,  the  potassium  salt 
of  trithionic  acid  is  formed,  as  follows  :  bKHSOa  +  Sa  — -  2K8S80e  -r-  KsSsOs  — 
3H2O. 

When  a  concentrated  solution  of  potassium  thiosulphate  is  saturated  with 
sulphur  dioxide,  potassium  trithionate  is  formed:  aKaSaOs -h  3SOa  ■—  iK^sOe-fS. 

When  the  potassium  salt  is  treated  with  hydrofluosilicic  acid  the  free  acid  is 
produced:  KaSsOa  -]-  SiF4.2HF  =  HaSsOe  +  SiF4.2KF. 

This  diluted  acid  allows  of  only  moderate  concentration  in  a  vacuum,  for  it 
readily  decomposes  into  sulphur,  sulphur  dioxide,  and  sulphuric  acid. 

TETRATHIONIC  ACID,  HaS40e. 

Preparation. — The  sodium  salt  of  this  acid  is  formed  when  iodine  is  added 
to  an  aqueous  solution  of  sodium  thiosulphate:  iNaaSaOa  -|-  la  —  NaaS40e  -I- 
2NaI. 

The  free  acid  may  be  prepared  by  carefully  decomposing  barium  tetrathionate 
with  diluted  sulphuric  acid.  The  diluted  acid  may  be  boiled,  but  on  concentrating 
decomposition  takes  place,  as  follows:  HaSiOe  =  HaSO*  +  SOa  -f  Sa- 

PENTATHIONIC  ACID,  HaSsOe. 

When  hydrogen  sulphide  is  passed  into  a  solution  of  sulphur  dioxide,  penta- 
thionic  acid  results,  with  separation  of  sulphur:  sHaS  4-  sSOa  —  HaSsOe  -|- 
4H2O  \-  5S.  The  solution  is  milky,  and  is  best  cleared  by  digesting  with 
metallic  copper.  Any  copper  which  is  dissolved  is  precipitated  oy  hydrogen 
sulphide. 


SELENIUM. 


y 


Symbol f  Se.  Atomic  IVeighf^  78.6.  Valence,  II,  IV^  VI. 

History. — Selenium  was  discovered  in  181 7  by  Berzelius,  in  the 
deposits  from  sulphuric  acid  chambers,  and  named  from  askyjvri^  the 
moon,  because  of  its  similarity  to  tellurium  (rexAo?,  earth). 

Occurrence. — It  is  widely  distributed  in  small  quantities  associated 
with  sulphur,  in  the  sulphides  of  iron,  copper,  silver,  etc.,  more  rarely 
in  selenides,  as  PbSc,  HgSe,  CUoSe,  AggSe. 

Preparation. — This  element  is  most  conveniently  prepared  from  lead-chamber 
deposits.  The  crude  material  is  mixed  with  sufficient  sulphuric  acid  to  make  a 
paste,  heated  to  the  boiling  point,  and  treated  with  nitric  acid  from  time  to  time, 
until  the  red  color  disappears.  The  solution,  which  now  contains  selenic  acid, 
H2Se04,  is.  when  cold,  poured  off  from  the  sediment  and  saturated  with  sulphur 
dioxide,  when  selenium  separates  out  as  a  red  powder. 

• 

H2Se04      ;-     3SO2     -^-     2HaO      -^     aHaSO*      I      Se. 

Selenium  may  also  be  prepared  by  digesting  the  lead-chamber  deposit  on  a 
water  bath  with  a  concentrated  solution  of  potassium  cyanide:  KCN  -|-  S«  = 
SeKCN. 
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From  this  solution  the  selenium  is  deposited,  in  red  flakes,  on  the  addition  of 
ydrochloric  acid. 

Properties. — Like  sulphur,  selenium  exists  in  different  allotropic 
nodifications. 

The  atnorphaus  seleniiun,  obtained  by  reduction  of  the  dioxide  by 
neans  of  stdphur  dioxide,  forms  a  reddish-brown  powder  soluble  in  car- 
ion  disulphide  which  changes  at  97®  to  dark-gray  metallic  selenium. 
Xs  gravity  is  4.26. 

The  red  crystalline  variety  is  deposited  in  monoclinic  crystals  from  the 
lolution  of  the  amorphous  variety  in  carbon  disulphide.  Its  gravity  is  4.5. 
The  gray,  metallic-like  crystalline  variety  is  obtained  by  fusing  the 
amorphous  selenium  and  slowly  cooling.  It  is  insoluble  in  carbon  di- 
sulphide, has  a  gravity  of  4.8  and  fuses  at  217°.  This  insoluble  variety 
of  selenium  conducts  the  electric  current,  which  is  greatly  accelerated 
by  light.  If  such  a  selenium  cell  be  inserted  between  two  electric  cir- 
cuits, the  conductivity  may  be  over  200  times  as  great  in  the  light  as 
in  the  dark.  Hence  it  is  possible  to  break  and  make  the  circuit  by 
means  of  a  beam  of  light.  Various  devices  have  been  made,  utilizing 
this  sensitiveness  of  selenium  to  light. 

Selenium  melts  at  217°  and  boils  at  about  680°.  The  vapor  is  of  a 
dark  yellow  and  when  suddenly  cooled  forms  a  fine  red  powder. 

When  heated  in  the  air,  selenium  bums  with  a  bright  blue  flame,  yield- 
ing selenitmi  dioxide.  SeO^,  which  condenses  to  needle-like  crystals.  The 
vapor  has  a  disagreeable  odor,  resembling  that  of  decayed  horse-radish, 
due  to  either  the  presence  of  finely  divided  selenium  or  traces  of  the 
hydride.  Dissolved  in  water,  SeO.^  forms  selenious  acid,  HjSeOj.  This, 
like  the  anhydride,  is  very  easily  reduced  (the  former  by  simple  contact 
with  dust)  to  the  red  amorphous  selenium.  Acid  and  neutral  selenites 
are  known.  Through  the  oxidation  of  selenious  acid  or  selenites,  selentc 
acid,  HjScO^,  is  obtained.  This  combines  with  water  to  form  crystals 
(HjSeO^  -|-  HjjO)  which  fuse  at  25®.  Selenic  acid  resembles  sulphuric 
acid  in  its  general  properties ;  it  is  a  powerful  oxidizing  agent  and  dis- 
soh-es  gold,  being  reduced  to  selenous  acid  at  the  same  time. 

Like  sulphur,  selenium  combines  with  metals  forming  selenides,  which, 
with  acids,  yield  hydrogen  selenide,  SeHg,  a  colorless,  poisonous  and  dis- 
agreeable smelling  gas.      Selenium  monochloride ,  SeXlg,  a  brown  oily 
^  liquid,  seleftium  tetrachloride,  SeCl^,  a  yellow  solid  mass,  and  selenium 
oxychloride,  SeOClj.  are  known,  with  corresponding  bromides  and  iodides. 
The  compounds  of  selenium  are  best  detected  by  the  red  precipitate 
:  rf  the  element  which  occurs  on  the  addition  of  sulphurous  acid  or  sul- 
\  phur  dioxide. 

TELLURIUM.  ;S^ 

Sytnboi,  Tc.  Atomic  Weight,  126.6.  Valence,  II. 

History. — Tellurium  was  discovered  in  1782  by  Miiller  von  Reichen- 
itein.  and  more  fully  investigated  by  Klaproth  and  Bcrzelius.  It  was 
named  tellurium  by  Klaproth,  from  rex/wy,  the  earth. 
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Occurrence. — This  element  occurs  sparingly  in  the  free  state,  and  as 
tellurides  of  gold,  silver,  lead,  bismuth,  and  mercury  in  California,  Colo- 
rado, Brazil,  and  Hungary. 

Properties. — Tellurium  is  an  amorphous  black  powder  which,  when 
heated,  forms  a  grayish-white  crystalline  mass  of  a  brittle  texture,  and 
has  a  specific  gravity  of  6.24.  It  melts  at  452°,  and  boils  at  1390®,  yield- 
ing yellow  vapors.  It  is  insoluble  in  carbon  disulphide,  but  dissolves  in 
concentrated  sulphuric  acid,  imparting  a  deep-red  color  to  the  solution, 
from  which  it  is  precipitated  on  the  addition  of  water. 

On  heating  in  the  air,  it  bums  with  a  blue  flame,  yielding  white  fumes 
of  tellurium  dioxide,  TeO.^,  which  may  be  obtained  in  small  octahedra. 
Tellurous  acid,  HjTeOj  (tellurous  hydroxide),  is  obtained  by  oxidizing 
tellurium  with  nitric  acid  and  pouring  the  resulting  tellurium  nitrate 
into  water.  The  resulting  white  precipitate  decomposes  when  heated, 
into  the  dioxide  and  water.  Neutral  and  acid  tellurates  are  known. 
Telluric  acid,  H^,TcO^  (telluric  hydroxide),  obtained  by  oxidation  of  tel- 
lurous acid  or  the  dioxide,  forms  a  crystalline  hydrate  [Te(OH)J  which 
on  heating  to  160°,  yields  the  yellow  trioxide  TeO,.  which  on  further 
heating,  decomposes  into  the  dioxide  and  oxygen.  These  two  acids  act 
as  weak  bases,  forming  salts  with  strong  acids.  Tellurides,  Me^'Te,  are 
known,  which  with  acids  yield  hydrogen  telluride,  HjTe,  a  colorless, 
poisonous  gas  of  offensive  odor.  Di  and  tri  halogen  salts  of  telluriimi 
are  known. 

Tellurium  compounds  are  recognized  by  fusing  with  potassitmi  car- 
bonate, by  which  potassium  telluride  is  formed,  which  dissolves  in  water 
with  a  red  color,  and,  on  the  addition  of  hydrochloric  acid,  yields  the  dis- 
agreeably smelling   compound,  hydrogen  telluride  (H^Te). 


CHAPTER  V. 


THE     NITROGEN     GROUP. 

The  members  of  this  |^oup,  consisting  of  N,  P.  As,  Sb,  and  Bi,*  present 
similar  graded  differences  m  their  physical  and  chemical  properties  as  shown  in 
the  halogen  and  oxygen  groups.  The  members  of  this  group  are  usually  triads 
and  pentads.  It  will  be  noted  that  the  hydrides  are  all  ^ases,  and  decrease  in  their 
basicity,  as  well  as  their  stability  towards  heat,  from  nitrogen  to  antimony.  The 
oxides  show  a  similar  gradation  with  increase  in  atomic  weight,  thus  the  oxides 
which  possess  strongly  acid  properties,  as  those  of  N  and  P,  acquire  a  more  basic 
nature  as  we  pass  to  the  oxioes  of  As,  Sb,  and  Bi. 


.V 


As 


Sb 


Atomic  Weights   .    . 

13-93 

30-77 

74.4 

119-3 

Specific  Gravity    .   . 

o.88(liq.) 

1.8-2 

5-7 

6.7 

Hydrides      

NHs 

PH3 

AsHa 

SbHs 

Oxides 

NaO 
NaOa 

NaOs 

PaOa 

AsaOs 

SbaOa 

NaO* 

P2O4 

SbaO* 

Na05 

PaOa 

AsaOs 

SbaOo 

Acids,  "ous"  .... 

HNOa 

HsPOa 

(H3As03)t 

HaSbOa 

meta     •*      .... 

HsPOa  hypo. 

(HAsOa)t 

HSbOa 

ortho  "ic"     .       . 

HNO3 

HsPO* 

H3ASO4 

HaSbO* 

meta       *'        ... 

HPOs 

HAsOs 

HSbOa 

pyro       '•        ... 

H4Pa07 

H4Asa07 

H4Sba07 

NITROGEN. 

Sj'ntbolt  N. 

Atomic  Weig 

'^^  I3-93- 

Valence 

,  III. 

History. — Dr.  Rutherford  (Edinburgh)  is  usually  credited  with  the 
discovery  of  nitrogen,  since  he  was  the  first  to  publish,  in  1772,  the 
observation  that  by  absorbing  the  carbon  dioxide  produced  by  respir- 
ation in  an  enclosed  volume  of  air,  the  remaining  gas  would  neither 
support  combustion  nor  respiration.  Priestley  found  that  one-fifth  of  a 
measured  volume  of  air  was  converted  into  *'  fixed  air  "  (COa)  by  means 
of  glowing  charcoal,  the  remaining  gas  (N)  being  called  *'  phlogistigated 
air."  Scheele  showed  (1777)  that  air  consisted  of  a  mixture  of  two 
gases.  Lavoisier  was  the  first  to  recognize  the  true  nature  of  air,  show- 
ing that  the  one  gas  supported  respiration  and  combustion  and  that 
the  other  was  inert.  He  suggested  the  name  azote  (Az),  now  accepted 
by  the  French,  which  means  not  supporting  life,  while  the  name  nitro- 


♦  Because  the  metallic  character  of  bismuth  is  far  more  developed  thp.n  its 
metalloidal.  it  is  considered  under  the  metals. 
t  Only  known  in  solution. 
J  Only  known  in  salts. 
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gen  was  proposed  by  Chaptal,  from  >{V//«w,  nitre,  and  ytwaut,  I  produce, 

since  it  was  found  to  be  a  consjtituent  of  saltpetre, 
ft^'-   Occurrence. — In  the  free  state  nitrogen  constitutes  about  four-fifths 
\     of  the  atmosphere.     In  combination  with  sodium  and  oxygen,  it  occurs 
^  j   in  enormous  quantities  as  Chili  saltpetre.     With  hydrogen,  nitrogen  is 

combined  as  gaseous  ammonia,  which  is  produced  in  the  distillation  of 

coal.     Animal  and  vegetable  substances  always  contain  nitrogen,  which 

is  given  off  as  ammonia  when  they  decay. 

Preparation. — Nitrogen  may  be  prepared  by  removing  the  oxygen  from  the 
air.    This  may  be  accomplished  in  several  ways: 

(i)  By  burning  phosphorus  in  a  confined  space  of  air.  The  phosphorus  combines 
with  the  oxygen,  formmg  phosphorus  pentoxide  (PaOo),  which  dissolves  in  water, 
forming  phosphoric  acid,  while  nitrogen  remains. 

(2)  By  passing  air  over  red-hot  copper  filings.  The  copper  unites  with  the  oxygen 
to  form  copper  oxide,  while  the  nitrogen  remains. 

(3)  By  shaking  air  in  a  vessel  with  a  solution  of  pyrogaUol  and  sodium  hydroxide 
in  water,  or  a  solution  of  cuprous  chloride  in  hydrochloric  acid,  the  oxygen  is 
dissolved. 

Chemically,  nitrogen  may  be  prepared: 

(i)  By  heating  ammonium  nitrite,  or  boiling  concentrated  solutions  of  sodium 
nitrite  and  ammonium  chloride: 

^        NH4NO2  Na         +     2HaO.         ^ 

NH4CI     H       NaNOa         -      NaCl     4-     2HaO     -h     Na. 

(2)  By  heating  ammonium  nitrate  with  ammonium  chloride  and  passing  the  gas 
through  sodium  hydroxide  to  remove  tlte  chlorine  : 

2NH4NO3      \      NH4CI  CI      \-     6HaO     -T     sN. 

(3)  By  heating  ammonium  dichromate  or  a  mixture  of  potassium  dichromate  and 
ammonium  chloride  : 

KaCraOT      |       2NH4CI  CraOs      f-     2KCI  4H8O      -     Na. 

Physical  Properties. — Nitrogen  is  a  colorless,  tasteless,  and  inodor-^ 
ous  gas.     Its  density  is  0.9682  (air   ~-  i)  or  13.93  (H  --  i),  making  it  a 
trifle  lighter  than  air.     It  is  very  slightly  soluble  in  water.     One  liter  of 
nitrogen  weighs  1.2 521  gram  at  0°  and  760  mm. 

Under  a  pressure  of  35  atmospheres  and  a  temperature  of  — 146° 
nitrogen  liquefies.  In  this  liquid  state  it  has  a  specific  gravity  of  0.885, 
boils  at  — 194.4,  and  solidifies  at  — 214°. 

Chemical  Properties. — Nitrogen  is  neither  combustible  nor  a  sup- 
porter of  combustion.  In  the  free  state  it  is  remarkably  inactive  toward 
all  other  elements;  but  its  compounds,  which  are  always  formed  by 
indirect  means,  are  in  nearly  all  cases  very  active;  many  of  them,  the 
alkaloids  and  cyanides,  for  example,  being  especially  active  physiologi- 
cally. At  red  heat,  nitrogen  forms  nitrides  with  Li,  B,  Si,  Ba.  Sr,  Ca, 
Mg  (Mg.jNjj),  etc.  Under  the  influence  of  the  induction-spark,  nitrogen 
unites  with  oxygen  to  form  nitrogen  dioxide,  with  hydrogen  to  form 
ammonia. 

Uses. — Nitrogen  is  useful  in  carrying  out  such  chemical  operations 
as  require  the  exclusion  of  oxygen. 
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THE  ATMOSPHERE. 

History. — ^The  air  was  regarded  as  an  element  till  the  latter  part  of 
the  XVIII  century.  The  discovery  of  oxygen  by  Priestley  (1774)  fol- 
lowing the  observation  of  Rutherford  on  the  presence  of  nitrogen,  led 
Lavoisier  to  demonstrate  the  compound  nature  of  the  atmosphere.  In 
1 781  Cavendish  proved  that  air  consisted  of  a  mixture  of  oxygen  and 
nitrogen  in  constant  proportions. 

Before  Lavoisier's  time,  all  combustible  or  oxidizable  substances  were 
assumed  to  contain  an  inflammable  principle  called  phlogisten.  Also, 
all  metals  when  heated  gave  up  phlogisten  and  were  converted  into 
metallic  calxes  (oxides),  and  these,  when  heated  with  substances  rich 
in  phlogisten  (as  carbon  or  hydrogen),  were  regenerated  into  their 
metals.  According  to  this  theory,  there  was  no  occasion  to  consider 
the  air  as  being  concerned  in  the  process  of  combustion,  hence  no  one 
doubted  its  assumed  elementary  nature.  But  as  soon  as  it  was  proven 
that  combustion  and  ignition  withdrew  something  from  the  air,  the 
substance  increasing  thereby  in  weight  instead  of  giving  off  phlogisten, 
as  was  formerly  assumed,  the  phlogistic  theory  became  untenable. 
In  the  discovery  of  oxygen,  Lavoisier  at  once  recognized  the  true 
nature  of  combustion  and  demonstrated  its  role  in  this  phenomenon 
with  that  of  oxidation.  Further,  he  proved  the  elementary  nature 
of  nitrogen  and  determined  the  proportion  of  this  and  oxygen  in  the 
air. 

Distribution. — Air  is  distributed  over  the  surface  of  the  earth  and 
to  an  unknown  height  above  it.  It  is  estimated  by  some  to  be  a 
layer  forty-five  miles  and  by  others  two  hundred  miles  in  thickness. 

On  account  of  its  being  an  elastic  body  it  will  be  denser  at  the  sea- 
level  ;  consequently  we  must  consider  it  to  be  at  a  height  of  forty-five 
miles  a  gas  of  extreme  tenuity.  The  time  during  which  twilight  is 
visible  in  the  zenith  has  given  the  basis  on  which  the  calculation  of 
forty-five  miles  has  been  made ;  but  it  has  been  observed  that  meteors 
ignite  at  a  distance  of  about  two  hundred  miles  above  the  earth's 
surface,  thus  rendering  it  probable  that  there  is  some  resistance  at  that 
height. 

Properties. — Pure  dry  air  is  14.375  times  heavier  than  hydrogen, 
consequently  one  liter  at  0°  and  760  millimeters  pressure  weighs  1.2927 
gram.  The  pressure  of  the  atmosphere  at  the  sea-level  is,  therefore, 
very  nearly  fifteen  pounds  on  every  square  inch  of  surface,  equal  to  a 
coltunn  of  mercury  at  0°,  760  millimeters  in  height.  This  pressure 
rapidly  diminishes  as  we  ascend  from  the  se^-level.  The  critical  tem- 
perature of  air  is  — 140®  and  the  critical  pressure  39  atmospheres. 
When  liquid  air  is  evaporated  at  190®,  the  nitrogen,  which  boils  at 
— 194°,  passes  off,  leaving  oxygen  behind. 

Composition. — ^The  quantitative  composition  of  pure  atmospheric  air 
is  practically  constant  irrespective  of  locality  and  elevation.  According 
to  locality,  there  are  always  present  variable  quantities  of  carbon  dioxide, 
ozone,  traces  of  ammonia,  nitrous,  nitric,  and  sulphurous*  acids,  and 
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particles  of  floating  matter — as  dust  and  micro-organisms — ^which  are 
found  more  abimdantly  in  densely  populated  districts.  The  average 
composition  of  pure  dry  air  is  as  follows : 

Nitrogen  ....      78.10  p.' by  volume       .   .      755   p.   by  weight. 
Oxygen     ....      21.00  "         "  ...      23.2 

Argon 0.90  •*         "  ...        1.3 

Helium,  Neon,  Krypton,  Xenon  and  Hydrogen,  traces. 

The  nitrogen,  because  of  its  inert  character,  serves  as  a  diluent  for 
the  active  life-sustaining  oxygen.  The  oxygen  supports  life,  combxistion, 
and  oxidation,  and  although  it  is  constantly  diminishing  in  consequence, 
yet  its  proportion  in  the  air  remains  quite  constant.  This  is  due  to  the 
absorption  of  its  combustion-product,  carbon  dioxide,  by  the  leaves  of 
plants,  which  in  turn  liberate  pure  oxygen.  The  proportion  of  carbon 
dioxide  is  variable,  since  it  is  a  product  of  combustion,  respiration, 
fermentation,  and  decay.  In  cities  it  is  found  oftep  as  high  as  o.ii  per 
cent.  In  the  air  it  averages  0.04  volvmie  per  cent. ;  in  rooms  it  should  not 
rise  over  o.  I  volume  per  cent.  The  amount  of  aqueous  vapor  is  still  more 
variable,  and  is  affected  by  local  causes,  as  temperature  and  altitude. 

The  Air  a  Mechanical  Mixture. — The  following  are  some  of  the  characters 
which  prove  it  to  be  a  mixture : 

(i)  The  physical  and  chemical  properties  of  a  mixture  of  seventy-nine  volumes 
of  nitrogen  and  twenty-one  volumes  of  oxygen  are  exactly  the  same  as  air.  When 
the  two  gases  are  mixed  there  is  no  evidence  of  chemical  action,  even  after  passing 
the  electric  spark  through  the  mixture. 

(2)  The  proportion  in  which  the  two  elements  exist  in  air  bears  no  relation  to 
their  atomic  weights. 

(3)  When  air  is  drawn  thnpugh  a  thin  layer  of  caoutchouc  or  any  porous  medium 
which  permits  diffusion,  the  nitrogen  passes  through  more  rapidly  than  the  oxy- 
gen.   It  air  were  a  chemical  compound  this  would  not  take  place. 

(4)  On  agitating  air  with  water  until  the  latter  is  saturated,  the  composition  of 
the  dissolved  gas  is  found  to  be  35  volumes  of  oxygen  to  65  volumes  of  nitrogen 
on  account  of  the  solubility  of  oxygen  in  water  being  greater  than  that  of  nitrogen. 

(5)  The  oxygen  may  be  removed  by  solvents  (alkaline  solution  of  pyrogallol) 
or  deoxidizing  agents,  as  phosphorus,  leaving  the  nitrogen. 

Analysis —Moisture  is  determined  by  passing  known  quantities  of  air  over 
calcium  chloride  and  noting  the  increase  in  weight  of  the  latter.  Carbon  dioxide 
is  estimated  in  the  same  manner,  using  potassium  hydroxide.  Oxygen  is  estimated 
by  taking  a  definite  volume  of  pure  dry  air  in  a  eudiometer  tube  over  mercury 
and  intrcxiucing  a  piece  of  phosphorus  or  an  alkaline  solution  of  pyrogallol  for  its 
absorption,  or  by  adding  a  measured  volume  of  pure  hydrogen,  and  exploding 
the  mixture  by  means  of  an  electric  spark.  In  the  latter  instance,  after  cooling 
there  will  be  a  contraction  equal  to  the  volume  of  hydrogen  and  oxygen  which  have 
combined,  the  resulting  volume  of  water  being  so  small  as  to  be  disregarded  unless 
great  accuracy  is  desired.  Nitrogen  may  be  removed  from  air  by  passing  it  over 
red-hot  metallic  magnesium  (MgaNa). 

RECENTLY  DISCOVERED   ATMOSPHERIC   GASES. 

In  the  course  of  a  research  on  the  density  of  the  elementary  gases  by 
Lord  Rayleigh  in  1892,  he  observed  that  one  liter  of  atmospheric  nitrogen 
weighed  1.2 571  gram,  while  the  same  quantity  of  pure  nitrogen  from 
chemical  sources  weighed  1.2507  gram.  The  cause  of  this  anomaly  was 
discovered  by  him  and  Prof.  Ramsay  in  1894,  through  the  discovery  of  a 
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new  element  which  was  present  in  the  atmospheric  nitrogen.  This 
element  was  named  Argon  {a-Apyov  =  inert)  because  of  its  inert  character ; 
through  this  and  its  similarity  to  nitrogen,  it  had  heretofore  been  over- 
looked in  the  many  analyses  of  air  which  had  been  made  up  to  this  time. 
In  seeking  for  other  sources  for  argon,  Prof.  Ramsay  discovered  the 
gaseous  element  Helium  (ji^^"?  ^=  sun)  in  1895.  Taking  advantage  of 
the  recent  discovered  methods  for  liquefying  air,  large  quantities  of  this 
were  fractionated  by  Ramsay  while  seeking  for  other  unknown  elements 
which  might  fill  up  some  of  the  gaps  among  the  gaseous  elements  of  the 
Periodic  System  (page  300).  Among  the  more  volatile  constituents  of 
the  liquid  air  three  new  gases  were  found.  These  were  named  Neon 
(>/#/9  =  new) ,  Krypton  ( «/»t»rrr/9  =  concealed)  and  Xenon  (ct >w9  = 
foreign) . 

Argon  and  helium  only,  have  been  obtained  in  pure  state,  the  others 
occur  in  such  minute  quantities,  that  a  separation  in  absolutely  pure 
state  has  been  impossible.  All  these  gases  resemble  one  another  in  that 
they  do  not  unite  with  any  other  known  element  and  their  molecules 
consist  of  one  atom  only. 

1/ "  ARGON. 

Symbol,  Ar.  Atomic  Weight,  39.6.  Molecular  Weight,  39.6. 

The  air  contains  about  0.935  volume  per  cent,  of  argon.  It  is  present  in  the  gases 
given  off  by  some  spring  and  on  heating  certain  minerals,  especially  those  con- 
taining uranium  (uraninite.  clevite,  broeggerite),  from  the  latter  sources,  the  argon 
contains  some  helium.  Argon  is  prepared  from  pure  dry  air  by  passing  it  over 
glowing  copper  and  magnesium  to  remove  the  oxygen  and  nitrogen  respectively, 
then,  after  liquefying  the  remaining  gases,  the  argon  is  separated  by  fractionation. 
Argon  boils  at  — 185®  and  is  2  J  times  as  soluble  in  water  as  nitrogen. 

HELIUM. 

Symbol,  He.  Atomic  Weight,  4.  Molecular  Weight,  4. 

Helium  was  discovered  by  Lockyer.  by  means  of  the  spectroscope,  in  the  chro- 
mosphere of  the  sun  in  1868.  Sir  William  Ramsey  discovered  this  element  in 
1898  while  seeking  for  sources  of  argon.  This  gas  is  evolved  with  hydrogen,  car- 
bon dioxide,  nitrogen  and  traces  of  argon  when  certain  rare  earth  minerals  con- 
taining either  uranium,  yttrium  or  thorium  are  heated  with  dilute  sulphuric  acid. 
Helium  is  twice  as  heavy  as  hydrogen  and  has  not  been  liquefied  even  at  — 260°. 
The  atmosphere  contains  about  2  parts  by  volume  of  helium  to  the  million. 

NITROGEN    AND    HYDROGEN. 

Among  the  simpler,  elementary,  compounds  of  nitrogen  and  hydrogen 
are, 

in  III 

/  Ammonia,  NH3.  Hydrazin,  NjH^. 

V  in 

Ammonium,  NH^.  Hydrazoic  Acid,  N3H. 

AMMONIA. 

Formula,  NHs.  Molecular  Weight,  16.93. 

History. — ^Ammonium  chloride,  or  sal  ammoniac,  appears  to  have 
been  known  from  the  earliest  times,  and  the  aqueous  solution  of  the  gas 
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was  described  by  the  alchemists  under  the  name  of  *'  spirits  of  harts- 
horn/' Priestley,  in  1747,  was  the  first  to  prepare  gaseous  ammonia, 
y/  by  heating  together  sal  ammoniac  and  lime,  and  collecting  the  gas  over 
mercury.  He  gave  to  this  gas  the  name  of  **  alkaline  air,**  which  later  be- 
came *'  volatile  alkali." 

Occurrence  and  Fomiation. — Ammonia,  in  combination  with  car- 
bonic, nitric,  and  nitrous  acids,  exists  in  the  air  in  minute,  quantities, 
being  produced  by  the  decomposition  of  organic  matter^  It  is  also 
foimd  as  sulphate  and  chloride  near  active  volcanoes,  having  been 
produced  by  the  hot  lava  flowing  over  fertile  soil  containing  nitrogen. 
Ammonia  and  its  salts  are  formed  in  the  dry  distillation  of  many  organic 
substances  as  well  as  the  putrefaction  of  nitrogenous  organic  substances. 
Formerly  horns,  hoofs,  urine,  and  other  animal  products  were  distilled, 
and  the  ammonium  carbonate  thus  produced  neutralized  with  hydro- 
chloric acid,  the  product  after  sublimation  being  known  as  sal  ammoniac. 
At  the  present  time  our  supply  is  obtained  by  a  similar  process,  in  which, 
however,  coal  is  the  material  used.  Bituminous  coal  yields  on  distillation 
about  2  per  cent,  of  ammonia,  which,  therefore,  occurs  in  the  ammoniacal 
liquor  formed  during  the  manufacture  of  illuminating  gas^ ,  In  addition 
to  free  ammonia  there  are  present  in  this  ammoniacal  gas-liquor  the 
carbonate,  sulphide,  sulphate,  and  thiosulphate.  The  gas-liquor  is 
usually  distilled  with  lime,  by  which  the  ammonia  is  liberated  and  col- 
lected in  a  suitable  receiver  with  some  water.  This  distillate  is  neutralized 
with  hydrochloric  or  sulphuric  acid,  and  the  resulting  ammonium  chloride 
or  sulphate  purified  and  used  for  preparing  the  other  ammonium 
salts. 

Preparation. — (i)   Through    the    union  of    its    elements  by  means  of  the  silent 
electric  discharge. 

(2)  Through  the  reduction  of  tlw  various  compounds  of  nitrogen  and  oxygen  or 
their  acids. 

,       (a)  NaO,  \-         sHaC^S-S')       ^-         ^^^^         +         '^^ 

/  Nitrojjfeii 

^  Dioxide. 

(b)  Solution  of  many  metals  in  nitric  acid : 

HNOs     4      4H2     -       3HaO     -f     NH3. 
(4Zn     -r     qHNOs  4Zn(N08)a     -|-     NH3     -f     3HaO). 

(c)  Reduction  of  nitrates  or  nitrites  by  nascent  hydrogen  in  alkaline  solution: 

NaNOa      }      3  Ha     -      NaOH      |      H2O     ^     NH3. 
8A1      :       5KOH       I      3KNO3     -\-     2HaO  SKAlOa      '      3NH3. 

Potassium 
Aluminate. 

(3)  Ammonia  gas  is  prepared  on  a  large  scale  by  heating  together  calcium  hydroxide 
and  ammonium  sulphate  or  chloride : 

.;        (NH4)aS04     i-     Ca(OH)2      -     CaS04     -r      2NH3     -r     aHaO. 

(4)  For  laboratory  purposes  it  is  preferable  to  heat  the  solution  of  ammonia. 
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When  reqtiired  pure,  the  gas  must  be  passed  over  calcium  oxide  (quicklime)  to 
remove  the  moisture,  and  collected  over  mercury.  As  ordinarily  needed  it  may 
be  collected  by  "upward  displacement;"  that  is,  by  holding  an  inverted  vessel 
over  the  tube  from  which  the  gas  is  escaping,  which  gas  bemg  lighter  than  air, 
rises  and  fills  the  vessel. 

Physical  Properties. — Ammonia  is  a  colorless  gas,  of  a  pungent, 
suffocating  odor  and  a  caustic  taste.  It  has  a  density  of  8.5,  and  specific 
gravity  of  0.589  (air  =  i) ;  one  liter  weighs  0.7619  gram  (0°  and  760  mm.). 
The  gas  is  liquefied  by  passing  into  a  tube  cooled  to  — 40°  by  means  of 
a  mixture  of  ice  and  calcium  chloride.  It  may  also  be  liquefied  by  sub- 
jecting to  a  pressure  of  from  six  to  seven  atmospheres  at  ordinary  tem- 
peratures. This  liquid  is  colorless  and  highly  refractive,  and  may  be 
solidified  by  cooling  to — 75°.  At — 33.7°  it  boils,  and  in  vaporizing  ab- 
sorbs large  quantities  of  heat.  On  account  of  this  property  it  is  used  in 
ice  machines  and  in  the  several  varieties  of  cooling  apparatus  employed 
in  breweries. 

Ammonia  is  very  soluble  in  water,  one  volume  of  the  latter  absorbing 
1 148  volvimes  (0.875  parts  by  weight)  of  the  gas  at  0°,  and  about  600  vol- 
umes at  ordinary  temperatures.  Water  saturated  at  15°  contains  35  per 
cent,  of  ammonia  and  has  a  gravity  of  0.882.  Commercially,  the  28  and 
10  per  cent,  solutions  are  used,  owing  to  the  loss  of  ammonia  gas  and 
danger  entailed  in  handling  more  concentrated  solutions. 

Chemical  Properties.— Ammonia  is  not  a  combustible  gas,  although 
if  it  be  mixed  with  a  small  quantity  of  oxygen  combustion  readily  takes 
place  on  the  application  of  flame,  with  the  formation  of  water,  nitrogen, 
and  nitric  acid.  It  is  decomposed  at  red  heat  or  by  the  electric  spark 
into  nitrogen  and  hydrogen ;  when  passed  over  heated  sodium,  potassium, 
or  magnesiimi,  the  nitrogen  combines  with  the  metal,  forming  a  nitride, 
and  hydrogen  escapes. 

3Mg      T      2NH3     -     MgsNa     +     3H2. 

When  treated  with  an  excess  of  chlorine  or  iodine,  a  salt  of  ammonia  re- 
sults, which  is  in  turn  decomposed  by  the  halogen,  yielding  very  explosive 
compounds,  as  nitrogen  chloride  (NCI3)  or  nitrogen  iodide  (NHIj  or 
NI,).  Ammonia  is  alkaline  to  litmus  paper,  and  combines  with  acids, 
forming  the  well-known  ammonium  salts.  The  formula  NH^  represents 
a  hypothetical  compound  which  has  many  properties  in  common  with 
those  of  sodiiim  and  potassivim,  and  will  be  treated  of  in  connection  with 
them. 

Uses. — Anhydrous  liquid  ammonia  is  prepared  on  a  large  scale  for 
use  in  ice  machines.  It  comes  in  commerce  in  large  iron  drums  strong 
enough  to  withstand  the  pressure  necessary  to  keep  it  in  the  liquid  con- 
dition. The  aqueous  solution  of  ammonia  is  used  largely  in  medicine 
and  in  the  manufacture  of  pharmaceutical  preparations. 

Detection. — Ammonia  and  its  solution  are  easily  detected  by  the 
odor;  in  smaller  quantities  by  bringing  over  the  suspected  solution  a 
piece  of  moistened  red  litmus  paper,  which  will  be  turned  blue.  Still 
more  delicate  is  the  reaction  with  fumes  of  hydrochloric  acid.     A  rod 
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moistened  with  the  diluted  acid  is  brought  into  some  of  the  gas  or  over 
some  of  the  warm  solution,  when  immediately  white  fumes  of  ammonium 
chloride  will  form.  When  combined  with  acids,  ammonia  is  detected  by 
first  liberating  it  from  its  combination  with  an  alkali  like  potassiiun  or 
sodium  hydroxide,  and  then  applying  one  of  the  above  tests  for  the  gas; 
or  the  solution  is  acidified  with  hydrochloric  acid  and  solution  of  platinic 
chloride  added,  when  a  yellow  precipitate  of  ammonio-plantinic  chloride, 
(NH^)2PtClg,  will  slowly  separate  in  minute  crystals.  Einbrodt's  reagent, 
consisting  of  a  solution  of  mercuric  chloride  to  which  a  minute  quan- 
tity of  an  alkaline  carbonate  has  been  added,  will  detect  the  merest 
trace  of  ammonia  or  its  compounds,  if  the  latter  are  previously  made 
alkaline,  by  forming  a  white  precipitate  or  cloudiness.  Nessler's  reagent 
produces  a  brown  precipitate  with  ammonium  compounds,  or  if  in  very 
dilute  solution  a  brown  or  yellow  color.  This  reagent  is  made  by  adding 
to  a  solution  of  mercuric  chloride  a  solution  of  potassium  iodide  until  the 
precipitate  at  first  formed  is  nearly  all  redissolved.  Solution  of  potassium 
hydroxide  is  then  added  to  strongly  alkaline  reaction  and  the  liquid 
allowed  to  settle  until  it  becomes  clear,  when  it  is  decanted  from  any 
sediment. 

Aqua  Ammoniae,  U.S.P. — The  solution  of  ammonia  is  official  in  two 
strengths,  one  aqua  ammonicB,  containing  10  per  cent,  by  weight,  of  the 
gas,  and  the  other,  aqua  ammonice  fortior,  containing  28  per  cent.,  by 
weight,  of  the  gas.  That  of  10  per  cent,  strength  has  the  specific  gravity 
0.958  at  25°,  and  the  stronger  solution  has  the  specific  gravity  0.897  ^^ 
25°.  The  commercial  "F.F.F."  or  "20°"  water  of  ammonia  contains 
about  14  per  cent,  of  the  gas. 

Properties. — Solution  of  ammonia  is  a  colorless,  transparent  liquid 
with  the  pungent  alkaline  odor  and  taste  of  the  gas.  On  the  application  of 
heat  the  solution  evolves  ammonia  gas  at  a  temperature  considerably 
below  the  boiling  point  of  water.  The  gas  may  also  be  removed  by 
passing  air  into  the  solution.  In  this  case  there  is  a  great  absorption  of 
heat  by  the  escaping  gas. 

Spiritus  Ammoniae,  U.S.P. — This  is  an  alcoholic  solution  of  ammonia 
containing  10  per  cent.,  by  weight,  of  the  gas.  The  gas  is  prepared  by 
heating  the  stronger  aqueous  solution,  and  passing  this  into  alcohol 
which  has  been  distilled  from  sodium  hydroxide.  The  specific  gravity  of 
the  alcoholic  solution  is  about  0.808  at  25.° 

DIAMINE,  N2H4,  or  H2N.NH2. 

-J  HYDRAZINE. 

This  compound  of  two  amido  (NH2)  groups  is  obtained  through  the  reduction 
of  certain  nitrogenous  organic  compounds  or  by  the  reduction  of  nitric  oxide 
potassium  sulphite: 

KaS08.N202     ^      3H2     -=     N2H4.H2O      :      KaS04. 

Free  hydrazine  is  obtained  by  distilling  its  hydrate  under  reduced  pressure  with 
barium  oxide: 


J 


N2H4.H8O      \      BaO    ==     Ba(OH)2     H-     NsH4. 


k*- 


NITROGEN  AND  HYDROGEN.  237 

In  many  respects  it  resembles  ammonia,  being  a  colorless  gas,  with  a  peculiar 
ammoniacal  odor  and  a  strong  alkaline  reaction.  It  is  very  soluble  in  water, 
forming  a  hydrate  of  the  formula  NSH4.H2O.  This  combines  with  acids  like  am- 
monia, but  with  twice  the  combining  power,  the  formula  of  the  sulphate  being 
NfiHiHsSOi,  and  the  chloride  N2H4(HC1)2.  Hydrazine  is  a  powerful  reducing 
agent.  .       ,, 

l^        HYDROXYLAMINE,  NH2OH. 

This  compound  is  prepared  by  the  action  of  nascent  hydrogen  on  nitrogen 
dioxide,  nitnc  acid,  or  some  nitrates.  Thus  through  the  action  of  dilute  nitric  acid 
on   tin:         »  ^' 

^  HNO3       r      3Ha       -     NH2OH  2H2O. 

0»*  by  the  interaction  between  hydrochloric  acid  and  fulminating  mercury: 

CaHgX202      :       2HCI  4H2O  HgCla      •       2HCOOH       ,      2NH2(OH). 

Like  ammonia  and  hydrazine,  it  is  soluble  in  water.  This  solution,  which  is  the 
only  form  in  which  it  is  known,  is  a  colorless,  odorless,  alkaline,  and  strongly  re- 
ducing liquid  which  boils  at  1 13°  and  precipitates  the  metals  gold,  mercury,  and 
silver  from  solutions  of  their  salts. 

On  the  application  of  heat  to  the  solution  partial  decomposition  takes  place, 
ammonia,  hydroxylamine,  and  water  distilling. 

Hydroxylamine  unites  with  acids,  the  hydrochloride  having  the  formula 
NH2OH.HCI,  or  NH8(OH)Cl. 

N 
HYDRAZOIC  ACID.  OR  AZOIMID,  N3H,  or         NH. 

N 

Discovered  by  Curtius  in  1890.  It  may  be  prepared  by  pouring  an  ice-cold 
solution  of  nitrous  acid  into  the  same  of  hydrazine. 

N2H4       i       HNO2  XsH      r      2HaO. 

Also  by  passing  nitrous  oxide  over  sodium  amid  (obtained  by  passing  ammonia 
over  heated  scSium)  and  distilling  the  sodium  hydrazoid  with  dilute  sulphuric 
acid«  which  yields  a  dilute  solution  of  the  gas. 

2NaT«IH2     -     N2O     ----     NaNs     ^     NaOH  NH3. 

Azoimid  is  a  colorless,  poisonous,  caustic,  strongly  acid  liauid  which  boils  at 
37°  and  possesses  an  intolerable  odor.  It,  as  well  as  its  salts,  readily  explode 
with  violence. 

NITROGEN  AND  CHLORINE. 

The  halogen  compounds  of  nitrogen  are  all  extremely  unstable  and  violent 
explosives.  They  are  obtained  through  the  action  of  an  excess  of  the  halogen 
upon  ammonia  or  its  derivatives. 

V^'  NITROGEN  CHLORIDE.  NCls. 

Preparation. — This  is  prepared  by  the  action  of  an  excess  of  chlorine  upon 
ammonium  chloride. 

NH4CI      I      3CI2  NCI3  4HCI. 

It  is  also  formed  when  solution  of  ammonium  chloride  is  submitted  to  the  elec- 
tric current;  the  chlorine  which  forms  at  the  positive  pole  acts  on  the  ammonium 
chloride. 

Properties. — Nitrogen  chloride  is  a  yellow  oil  of  the  specific  gravity  1.653.  ^^ 
possesses  a  disagreeable  pungent  odor,  and  the  vapor  which  always  escapes  on 
exposure  to  air  attacks  tne  eyes.  It  is  one  of  the  most  violent  explosives  known. 
The  explosion  takes  place  on  the  slightest  provocation,  as  exposure  to  direct  sun- 
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light  or  contact  with  many  kinds  of  organic  matter,  as  caoutchouc  or  turpentine. 
Its  solution  in  ether  or  benzene  can  be  nandled  with  little  danger.  Decomposition 
takes  place  rapidly  in  the  presence  of  solvents  and  sunlight. 

^  NITROGEN  IODIDE,  NHIa.         M  ( ^ 

Several  compounds  of  nitrogen,  iodine,  and  hydrogen  are  known,  the  composi- 
tion depending  upon  the  conditions  of  the  experiment.  All  of  these  compounds 
are  explosive. 

Preparation. — Nitrc^en  di-iodide  (NHIa)  and  tri-iodide  (NIs)  are  obtained  by 
powdering  a  little  iodine  in  a  mortar  and  covering  with  solution  of  ammonia; 
after  standing  ten  minutes  the  insoluble  portion  is  collected  on  a  filter.  If  washed, 
nitrogen  tri-iodide  only,  remains. 

Properties. — While  moist,  nitrogen  iodide  is  comparatively  safe  in  small 
quantities,  but  so  soon  as  it  becomes  dry  it  explodes  on  the  slightest  touch.  Ni- 
trogen iodide  dissolves  in  dilute  hydrochloric  acid,  decomposing  into  ammonia 
and  iodine  monochloride,  NHgl    I    HCl  -   NH3   ^    ICl. 

Hydrogen  sulphide  and  sulphurous  acid  convert  it  into  ammonia  and  hydrogen 
iodide. 

Nitrogen  Bromide^  NBrs*  is  formed  by  the  action  of  nitrogen  chloride  upon  po- 
tassium bromide  under  water.  Nitrogen  fluoride,  NF3,  is  produced  by  the  elec- 
trolysis of  ammonium    fluoride. 


NITROGEN  AND  OXYGEN. 


y 


Nitrogen  combines  with  oxygen  in  five  different  proportions,  three 
of  which  are  acid  anhydrides. 

Oxides.  Acids. 

Nitrogen  Monoxide,  NgO.     '  Hyponitrous  Acid,  (HNO),. 

Nitrogen  Dioxide,  NjO.^.{NO).i 

Nitrogen  Trioxide,  N^A..     ■  Nitrous  Acid,  HNGj. 

Nitrogen  Tetroxide,  Kp^.(NO.^). 

Nitrogen  Pentoxide,  NoO^.  Nitric  Acid,  HNO3. 

NITROGEN  MONOXIDE. 

N-N 
Formula,  NaO.  v      .  Molecular  Weight,  43.74- 

6 

History. — Nitrogen  monoxide,  which  is  also  known  by  the  names 
nitrous  oxide  and  laughing  gas,  was  discovered  by  Priestley  in  1772. 

Preparation. — The  usual  method  of  preparing  the  gas  is  by  heating  ammonium 
nitrate  to  about  170°,  when  it  is  decomposed  into  watet  and  nitrogen  monoxide. 


NH4N03 

NaO            f 

2H2O. 

Ammonium 
Nitrate. 

Nitrogen 
Monoxide. 

Water. 

The  most  probable  impurity  in  ammonium  nitrate  is  ammonium  chloride, 
which  would  occasion  the  presence  of  chlorine  in  the  gas.  It  is,  therefore,  best  to 
pass  the  gas  through  three  wash-bottles,  one  of  ferrous  sulphate  solution  to  remove 
the  other  oxides  of  nitrogen  formed  through  secondary  decomposition,  one  of 
sodium  hydroxide  solution  to  remove  chlorine,  and,  finally,  one  of  pure  water. 

Physical  Properties. — Nitrogen  monoxide  is  a  colorless  gas  of  a 
faint,  peculiar  odor  and  a  sweetish  taste,  with  a  specific  gravity  of 
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.52  (air  =1).  It  is  twenty-two  times  heavier  than  hydrogen.  One 
tre  of  nitrous  oxide  weighs  1.9657  gm.  (o®  and  760  mm.).  Under 
irdinary  atmospheric  pressure  it  liquefies  at  — 88®,  and  at  — 102° 
lecomes  solid.  It  may  also  be  liquefied  at  0°  by  a  pressure  of 
hirty  atmospheres.  Liquid  nitrogen  monoxide  is  colorless  and  very 
Dobile,  and  has  a  specific  gravity  of  0.9367  at  0°;  it  boils 
inder  ordinary  pressure  at  — 89.8°.  This  liquid  when  evapo- 
rated in  vacuo  produces  a  lowering  in  temperature  to  — 140°.  A 
Irop  of  the  liquid,  when  brought  in  contact  with  the  skin, 
m\\  cause  a  blister,  and  water  poured  on  the  liquid  is  im- 
nediately  frozen,  producing  at  the  same  time  an  explosive  evolution 
sf  the  gas. 

Chemical  Properties. — Gaseous   nitrogen   monoxide    supports    the  ' 
combustion  of  many  substances  almost  as  actively  as  oxygen.     Mixed 
vrith  hydrogen  it  explodes  when  ignited. 

i^  NaO     -f     Ha      -     Na     -r     HaO. 

Uses. — The  gas  is  extensively  used  by  inhalation  in  minor  surgery 
and  dentistry,  where  a  short  anaesthetic  effect  is  desired.  For  this  pur- 
pose the  gas  must  be  perfectly  pure.  One  of  the  greatest  safeguards 
is  to  have  pure  ammonium  nitrate  from  which  to  make  it.  When  mixed 
irith  air  or  oxygen  the  gas  produces  a  condition  of  partial  insensibility 
in  which  the' patient  often  becomes  hysterical,  laughing  immoderately, 
lience  the  name  laughing  gas. 

It  is  manufactured  on  a  large  scale,  and  pumped  into  strong  steel 
cylinders  under  a  pressure  of  sixty-five  atmospheres,  and  at  a  tempera- 
tore  of  s""  to  10''. 

Test. — Hyponitrous  oxide  resembles  oxygen  in  its  various  reactions 
but  does  not  redden  nitrogen  dioxide  when  mixed  with  it. 

^^ 

HYPONITROUS  ACID. 

Fmnula,  HaNaOa,  or  HO— N    N— OH.  Molecular  Weight,  30.81. 

This  acid  is  known  only  in  dilute  solution  or  in  combination  with  certain  bases. 

It  is  nsually  obtained  by  the  reduction  of  nitric  or  nitrous  acid  or  their  salts. 
'Vhen  an  aqueous  solution  of  potassium  nitrate  is  treated  with  sodium  amalgam 
'in  the  proportion  of  four  atoms  of  sodium  to  one  molecule  of  the  nitrate,  potas- 

■mn  hyponitrite  is  formed: 

2KNO8     +     4H8      -     KaNaOa     ^      4HaO. 

^    On  carefully  neutralizing  with  acetic  acid,  and  adding  silver  nitrate,  a  yellow 

rcipitate  of  silver  hyponitrite,  AgaNaOa,  separates,  which  explodes  when  heated 
no*.    All  the  salts  are  quite  unstable. 

NITRIC  OXIDE,  OR  NITROGEN  DIOXIDE. 

Formula,  NO,  or  NaOa,  or  0=N— N^^G.  Molecular  Weight,  59.62. 

PkipsratioiL. — Nitrogen  dioxide  is  a  product    of   the   decomposition   of   nitric 
id  or  nitrates,  and  may  be  prepared  as  follows: 


\^ 
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(i)  Through  the  action  of  certain  metals  (Cu,  Hg,  Ag,  etc.)  upon  diluted  nitric  acid: 
y^^     3CU      1      8HNO3      -     3Cu(N08)8     -f-     NaOa    4-     4HaO. 

/Cu      i       2HNO3     -     Cu(N08)2      f     Ha  \ 

V  2HNO8     T      3Ha    -     4HaO     -     Na0..y 

(2)  By  the  action  of  a  ferrous  salt  upon  nitric  acid  or  a  nitrate  in  the  presena 
of  sulphuric  or  hydrochloric  acid: 

6FeS04         2KNO3    :     5HaS04         aFeaCSOOs    r   2KHSO4    ;    4HaO   -\     XaO.. 
6FeCla      ;      2KNO3  8HC1    -^    6FeCl8     t      2KCI    -r      4HaO      r     NaOa. 

The  proportions  for  the  above  reaction  are  30  gm.  of  potassium  nitrate,  240 
gm.  of  ferrous  sulphate,  and  250  cc.  of  a  mixture  of  one  volume  concentrated 
sulphuric  acid  and  three  volumes  of  water.  A  colorless  gas  escapes,  which,  how- 
everf  forms  brown  vapors  as  it. comes  in  contact  with  the  air;  but  as  soon  as  all 
the  air  has  been  driven  from  the  apparatus  it  passes  off  colorless  and  may  then 
be  collected  over  water. 

(3)  By  adding  sulphuric  acid  slowly  to  a  mixture  of  a  saturated  solution  of  sodium 

nitrate  and  copper  turnings: 

SNaNOs  -  4H2SO4    f    3Cu        4Na2S04    t    3Cu(N03)a  -  4HaO  +   NaOa. 

Physical  Properties. — Nitrogen  dioxide  is  a  colorless  gas  of  specific 
gravity  1.038.  Its  critical  temperature  is  — 93°  and  critical  pressure 
71  atmospheres.  It  dissolves  readily  in  solutions  of  ferrous  salts,  forming 
a  black-colored  solution,  from  which  it  is  expelled  upon  heating.  It  is 
upon  the  formation  of  this  coloration  that  the  test  for  nitric  acid 
or  nitrates  is  based.  Nitrogen  dioxide  also  dissolves  in  nitric  acid, 
forming  a  brown  to  green  or  blue  color,  as  nitrogen  trioxide  is  formed  : 

2HNOS     +     2NaOa     ^     3Na08      i      HaO. 

Chemical  Properties. — Nitrogen  dioxide  only  sustains  the  combus- 
tion of  such  substances  whose  heat  liberated  is  sufficiently  high  to  cause 
it  to  break  down  into  nitrogen  and.  oxygen.  Hence  phosphorus  and 
carbon  disulphide  bum  brilliantly  in  this  gas,  the  latter  forming  carbon 
dioxide  and  sulphur  dioxide.  The  mixture  of  nitric  oxide  and  carbon 
disulphide  vapors,  when  burning,  emit  a  blinding  blue-white  light,  very 
rich  in  actinic  rays. 

NITROGEN  TRIOXIDE,  OR  NITROUS  ANHYDRIDE. 

Formula,  X2O3,  ^^r  O --N — O — N -O.  Molecular  \Veif[hi^  75-50. 

Preparation. — Nitrogen  trioxide,  known  only  at  low  temperature,  is  formed 
through  the  union  of  nitrogen  dioxide  (4  vols.)  with  oxygen  (i  vol.)  at  — iS*. 
4NO  1  O2  2N2O3.  When  a  50  per  cent,  nitric  acid  is  heated  with  starch, 
orange-red  fumes  are  evolved  which  consist  of  a  mixture  of  nitrogen  trioxide 
and  tetroxide.  On  passing  these  vapors  into  a  vessel  surrounded  by  a  freenitf 
mixture,  they  form  a  green  liquid.  Pure  trioxide  at  — 10°,  is  an  indieo-blue  It^tdd 
Above  — 21^  the  liquid  begins  to  decompose:'  2N2OS  —  Na04  -^-  NaOs.  With  a 
small  quantity  of  water  nitrogen  trioxide  forms  nitrous  acid: 

N2O3  H2O       -     2HNO2. 

With  a  large  quantity  of  water  decomposition  takes  place  and  nitric  acid  results: 
3Na08  ^  HaO  =  2HNOs    r  2NaOa 
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^.  NITROUS  ACID. 

Formula,  HNOa.  or  0=N— OH.  Molecular  Weight,  46.69. 

Prep«ration. — Nitrous  acid  is  not  known  in  the  free  state.  It  is  formed  by 
adding  liquid  nitrogen  trioxide  to  ice  water  (N2O3  H-  H2O  =  2HNO2),  but  owing 
to  its  instability,  it  breaks  up  into  nitric  acid  and  nitrogen  dioxide  (3  HNOa 
=  HNOs  -h  NaOa  +  HaO). 

Nitrites. — The  nitrites  are  quite  stable  and  are  the  product  of  the 
oxidation  (decomposition)  of  nitrogenous  organic  matter  in  the  pres- 
ence of  the  alkalies  of  the  soil ;  owing,  however,  to  their  ready  oxidation 
to  nitrates,  they  occur  in  the  soil  in  this  latter  form.  The  nitrites  are 
obtained  either  through  heating  the  nitrates  alone  or  fusing  them  with 
lead  or  finely  divided  iron  (KNO3  +  Pb  =  PbO  +  KNO^),  or  by  inter- 
action between  silver  or  sodium  nitrite  and  a  salt  of  the  respective 
metal  (AgNO,  +  NH.Cl  =  NH.NO,  +  AgCl).  When  heated,  the  nitrites 
are  decomposed  into  their  oxides,  but  with  sodium  and  potassium  nitrite, 
white  heat  is  necessary.  The  nitrites  of  silver,  mercury,  gold,  and  plati- 
ntim,  whose  oxides  are  decomposed  by  heat,  yield  their  free  metals 
upon  ignition. 

Upon  the  addition  of  acids,  nitrites  are  decomposed  with  liberation 
of  nitrous  acid,  which,  if  the  salt  is  dry,  escapes  in  the  form  of  dense 
reddish  vapors  (Nfi^).  If  in  solution,  this  will  decolorize  potassivun 
permanganate  solution  and  also  will  liberate  iodine  from  its  salts. 

All  nitrites  are  soluble  excepting  the  silver  salt. 

NITROGEN  TETROXIDE,  OR  PEROXIDE. 

V  III 

Formula,  Na04.  or  NOg,  or  OgN— O— NO.  Molecular  Weight,  45.69. 

Preparation. — Nitrogen  tetroxide  is  prepared: 
(x)  Through  the  union  of  nitrogen  dioxide  and  oxygen : 

NgOg     -f     O2     --^     Na04. 
(3)  Heating  lead  nitrate  : 

2Pb(N08)2  =  aPbO  -r  Og  -f  aNgOi. 
The  gas  may  be  liquefied  by  passing  into  a  U-tube  cooled  by  ice  and  salt. 

Properties. — Nitrogen  tetroxide  is  a  dark  brown  gas  which  is  readily 
cooled  to  a  light  yellow  fluid.  At  — 20°  it  becomes  a  colorless  crystal- 
line solid  which  fuses  at  — 12°.  Above  o®,  the  liquid  takes  on  a  yellow 
color,  which  becomes  darker  with  rise  in  temperature  until  at  1 50°  the  gas 
assumes  a  dark  red.  This  change  is  due  to  a  gradual  dissociation  of  the 
tetroxide  molecule,  which  exists  at  low  temperatures  as  N20^,  to  the 
simple  form  which  at  1 50°  has  the  composition  of  NOj.  With  a  little 
cold  water,  nitrogen  tetroxide  forms  nitrogen  dioxide  and  nitric  acid, 
with,  an  excess,  as  also  aqueous  solutions  of  alkalies,  nitric,  and  nitrous 
acid  or  their  salts  are  produced. 

NOr-O— NO    +    HOH    =    NO2.OH    +    NO.OH. 
3N0a     +    HOH    =    2NO2.OH    -f    NO. 

z6 
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The  liquefied  gas  is  very  corrosive  and  a  powerful  oxidizer,  while 
the  fumes  are  very  irritating. 

NITROGEN  PENTOXIDE.  OR  NITRIC  OXIDE. 

V  V 

Formula,  N2O6,  or  OaN — O— NO2.  Molecular  Weighty  107.26. 

Preparation. — Nitric  anhydride  is  produced  : 

(i)  By  carefully  heating  phosphoric  anhydride  with  nitric  acid: 

2HNO3     -T      P2O6     -     N2O6      f     2HPO3. 

(2)  By  passing  nitrosyl  chloride  or  chlorine  over  silver  nitrate : 

2AgX03      f      2CI     ----     2AgCl     -f      N2O6      f     O. 

Properties. — Nitrogen  pentoxide  is  a  white,  colorless,  crystalline  solid.  The 
crystals  melt  at  30°  to  a  dark-yellow  liquid,  which  boils  with  decomposition  at 
45?  into  nitrogen  tetroxide  and  oxygen. 

When  heat  is  applied  suddenly  this  decomposition  takes  place  with  explosive 
violence.     It  dissolves  in  water  with  evolution  of  heat  and  forms  nitric  acid: 

N2O6     ^     H2O     =     2HNO8. 

When  brought  in  contact  with  many  substances,  as  phosphorus  and  sulphur, 
it  oxidizes  them,  the  former  with  ignition;  organic  matter  is  also  violently  attacked. 

Nitrogen  pentoxide  combines  with  nitric  acid  to  form  pemitric  acid,  having  the 
formula  NaOfi.aHNOs.  This  is  a  liquid  at  ordinary  temperatures,  having  the 
specific  gravity  of  1.642  at  18°,  but  is  crystalline  at  5°.  It  corresponds  to  disul- 
pnuric  acid. 

NITRIC  ACID. 

V 

Formula,  HNO3.     O2N— OH.  Molecular  Weight,  62.57. 

History. — Nitric  acid  was  prepared  by  Geber,  in  the  eighth  century, 
through  distillation  of  saltpetre  with  alum  or  copper  sulphate.  The 
composition  of  the  acid  was  first  made  known  through  the  investigations 
of  Lavoisier,  in  1776,  and  Cavendish,  in  1784. 

Occurrence  and  Formation. — Nitric  acid  is  not  found  in  the  free 
state  in  nature;  but  in  combination  with  potassium,  sodium,  calcium, 
magnesium,  and  ammonium  it  is  widely  distributed.  In  warm  coun- 
tries where  there  is  only  surface  drainage,  these  salts  occur  as  an  efflores- 
cence on  the  surface  of  the  ground  and  walls  through  the  putrefaction 
of  organic  matter.  The  largest  known  deposits  are  the  nitrate  of  soda 
beds  in  the  province  of  Tarapaca  and  Atacama,  rainless  districts  on 
the  Peruvian  coast.  These  deposits  owe  their  origin  to  the  decay  of 
nitrogenous  vegetable  matter  through  the  agency  of  the  Bacillus  ni- 
trificans  in  the  presence  of  alkalies.  These  were  formed  from  the  vege- 
tation on  the  western  slopes  of  the  Andes,  which  were  gradually  washed 
down,  accumulating  in  deposits  near  the  coast-line  hills. 

The  production  of  potassium  nitrate  is  carried  out  artificially  in  the 
nitre  plantations  of  India.  This  was  formerly  the  chief  source  of  the 
world's  supply  of  potassium  salt,  or  saltpetre.  Animal  matter  is  mixed 
with  lime  and  ashes,  and  the  mass  exposed  tp  the  air  but  sheltered  from 
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the  rain.  The  pile  is  kept  moistened  with  urine  for  three  years,  when 
it  is  lixiviated  with  water.  A  cubic  meter  is  said  to  yield  twenty  kilos 
of  nitre. 

Nitric  acid  is  formed  when  hydrogen  is  burned  in  oxygen  containing 
a  small  quantity  of  nitrogen. 

When  air  in  a  glass  globe  is  submitted  to  a  series  of  electric  sparks, 
red  fumes  of  nitrogen  tetroxide  are  formed,  which,  in  the  presence  of 
water,  are  decomposed  with  the  formation  of  nitric  acid. 

Preparation. — On  the  small  scale  nitric  acid  is  prepared  by  heating  in  a  glass 
retort  equal  parts  of  potassium  nitrate  and  sulphuric  acid : 

KNOs     +     HaS04      -     KHSO4      i      HNOs. 

The  apparatus  becomes  filled  with  reddish-brown  vapors,  and  the  liquid  which 
condenses  has  a  yellowish  color  on  account  of  the  presence  of  nitrogen  tetroxide. 
The  absolute  acia  is  prepared  by  placing  the  above  distillate  with  2  volumes  of 
concentrated  sulphuric  acid  in  a  retort  connected  with  a  well-cooled  receiver, 
and  applying  a  gentle  heat.  The  distillate  in  this  case  is  freed  from  color  by  warm- 
ing gently  and  passing  through  it  a  current  of  air  to  remove  the  fumes  of  tne  lower 
oxides  01  nitrogen.  The  acid  can  in  this  way  be  made  to  contain  about  99  per 
cent,  of  HNOs. 

The  commercial  acid  is  obtained  by  distilling  sodium  nitrate  and  sulphuric 
acid  in  cast-iron  retorts.  The  resulting  impure  nitric  acid,  which  contains  chlorine 
and  iodic  acids,  is  purified  by  re-distillation  from  glass  retorts.  If  half  the  quan- 
tity of  sulphuric  acid  is  used,  as  in  the  above  equation,  then  a  higher  degree  of 
heat  will  be  necessary  to  secure  liberation  of  the  nitric  acid;  hence  a  greater 
decomposition  of  this  acid  will  take  place,  resulting  in  the  formation  of  fuming 
acid :  , 

.  V  2NaN03     I      H2SO4  Na2S04     -h     2HNO3. 

T    f 

The  resulting  sodium  sulphate  is  more  difficult  to  remove,  for  it  remains  as  a 
hard,  solid  mass,  while  the  acid  sulphate  is  in  a  liquid  condition  at  a  moderate 
temperature  and  may  be  poured  out.  Nitric  acid  is  now  produced  in  Norwafr 
from  the  atmosphere  by  drawing  air  through  a  special  form  of  furnace  in  which 
is  contained  a  powerful  flame  produced  by  an  alternating  current  of  very  high 
pressure.  The  electrolyzed  gas  leaving  the  furnace  contains  about  2  per  cent,  of 
nitrogen  dioxide,  which,  upon  cooling,  unites  with  the  oxygen  to' form  nitrogen 
tetroxide.  This  gaseous  mixture  is  then  passed  into  absorption  towers  filled  with 
quartz,  over  which  water  trickles,  the  same  water  being  used  over  again  until  an 
acid  of  50  per  cent,  strength  is  obtained.  The  acid  gases  which  escape  absorption 
are  conducted  into  chainbers  containing  slaked  lime,  where  they  are  fixed  as 
calcium  nitrate.  The  weak  acid  is  also  converted  into  this  salt,  which  is  then 
fused  and  transferred  to  iron  drums.  Calcium  nitrate  can  be  utilized  for  the 
preparation  of  the  acid  or  its  salts. 

Physical  Properties. — Nitric  acid  is  a  colorless,  fuming,  very  cor- 
rosive liquid,  which  solidifies  to  a  crystalline  mass  at  — 47°.  When 
absolute,  (99.8  per  cent.)  it  has  a  specific  gravity  of  1.50  (25°),  and  com- 
mences to  boil  at  86°,  but  on  account  of  partial  decomposition  into 
water,  nitrogen  tetroxide,  and  oxygen,  the^  temperature  rises,  until  at 
120.5®  a  liquid  containing  68  per  cent,  of  the  acid  distils  over  un- 
changed, and  has  a  specific  gravity  of  1.403  at  25°.  When  a  weaker 
acid  is  heated,  water  is  first  given  off  until  the  acid  attains  the  strength 
of  the  above,  when  it  distils  unchanged.  This  is  Acidum  Niiricum, 
U.S.P. 

Chemical  Properties. — Owing  to  its  unstable  character,  nitric  acid 
is  a  powerful  oxidizing  agent.    Through  its  oxidizing  action,  nitric  acid 
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itself  undergoes  deoxidation  to  the  lower  nitrogen  oxides  (NO,  N^Oj,  NO  J. 
while  its  hydrogen  is  oxidized  to  water.  With  metallic  oxides  it  acts  like 
other  acids.  If  nitric  acid  be  heated  in  a  sealed  tube  to  260®,  it  breaks 
up  completely  into  water,  oxygen,  and  nitrogen  tetroxide. 

The  products  of  the  action  of  nitric  acid  upon  metals  varies  with  the 
nature  of  the  metal  and  the  strength  of  the  acid  employed.  Some 
metals  dissolve,  forming  nitrates,  while  others  are  converted  into  acids  or 
insoluble  oxides.   To  this  latter  class  belong  such  metals  as  As,  Sb,  Sn,  Mo* 


V 


(0    a.  2Sb      r     2HNO3       -  -     SbaOa     ■^      2NO     -f     HaO. 

Antimony  Trioxide  (insoluble). 

/  h.  6Sb  loHNOa  aSbaOa     -\       loIJQ     ^       5H2O. 

'     /  Antimony  Pentoxide  (insoluble). 

y      (2)    a.  2As      :        2HNO8      -     AsaOs      t     2NO     -      HaO. 

h.  AsaOa      t      2HNOS  -f      2HaO      -     2HiAs04     -f      NaOa. 

Arsenic  Acid  (soluble). 

(3)    a.  3Hg       4      4HNO8     -      3HgNOs.2H80      f     NO. 

Mercurous  Nitrate. 

6.  3Hg     -      SHNOa  3Hg(N08)a     +     4HaO     -h     2NO. 

Mercuric  Nitrate. 

Other  metals,  as  Zn,  Cd,  Fe,  Sn,  when  reacting  with  very  dilute 
nitric  acid,  produce  a  salt  of  ammonia,  due  to  the  reducing  action  of  the 
nascent  hydrogen  upon  the  acid. 

4Zn  10HNO3  4Zn(N03)2      :       NH4NO8     -      3HaO. 

With  more  concentrated  acids  the  reaction  proceeds  as  follows: 

/ 


I2HN03 

•       SZn     - 

-     5Zn(N03)2 

N2 

6HaO. 

I0HN03 

1       4Zn     -- 

4Zn(N08)a 

N2O     ^ 

5HaO. 

8HN03 

-\-     3Zn     = 

-     3Zn(N03)2 

2NO 

4HaO. 

6HN03 

^       2Zn 

-.     2Zn(N03)a 

N2O3 

3HaO. 

4HN03 

f        Zn 

Zn(N08)2 

2NO2 

2  HaO. 

Sulphur,  phosphorus,  iodine,  and  carbon  are  oxidized  by  nitric  acid 
to  oxides  or  acids.  Many  organic  bodies,  like  turpentine,  are  inflamed 
at  once  on  coming  in  contact  with  it,  while  other  organic  compotmds 
are  merely  turned  yellow.  A  number  of  substances,  like  cotton  and  ben- 
zene, undergo  a  process  of  nitration  when  brought  in  contact  with  the 
concentrated  acid.  In  this  operation  the  group  NO^  replaces  hydrogen 
in  the  compound.  With  cotton  or  cellulose,  gun  cotton  (cellulose  nitrate) 
is  formed,  with  glycerin,  nitro-glycerin  (glyceryl  nitrate),  and  with 
benzene,  nitro-benzcne. 

The  Red  Fuming  nitric  acid,  sometimes  erroneously  called  nitrous 
acid,  differs  from  the  ordinary  variety  by  containing  the  oxides  of 
nitrogen  in  solution.  It  may  be  prepared  either  by  distilling  two  mole- 
cules of  saltpetre  with  one  molecule  of  sulphuric  acid,  or  distilling  a 
mixture  of  concentrated  sulphuric  and  nitric  acids,  or  by  adding  para- 
formaldehyde to  nitric  acid  and  heating.  This  acid  is  far  more  active 
as  an  oxidizing  agent  than  the  colorless  nitric  acid.     A  red  acid  is  also 
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produced  on  exposing  nitric  acid  to  sunlight,  the  coloration  being  due  to 
its  decomposition  into  nitrogen  tetroxide. 

Detection. — Nitric  acid  is  easily  detected  by  its  action  on  copper, 
which  it  dissolves  with  a  blue  color,  giving  off  abundant  brown-red 
fumes  at  the  same  time.'  When  wool,  silk,  and  animal  tissues  are  brought 
in  contact  with  strong  nitric  acid  they  are  colored  yellow,  and  changed 
to  an  orange  by  ammonia.  The  acid  destroys  the  blue  color  of  indigo 
solution,  forms  a  dark  ring  when  brought  in  contact  with  a  crystal  of 
ferrous  sulphate  and  sulphuric  acid,*'^d  gives  off  ammonia  when  made 
strongly  alkaline  with  potassitim  hydroxide  and  heated  with  zinc.  A 
very  sensitive  test  (i  in  100,000)  consists  in  adding  a  few  drops  of  the  solu- 
tion of  the  acid  or  its  salt  to  a  solution  of  brucine,  followed  by  sulphuric 
acid  poured  down  the  side  of  the  test-tube ;  a  rose  color  to  red  ring  will 
appear  at  the  zone  of  contact.  ^ — ^ 

Impurities. — The  chief  impurities  in  the  commercial  nitric  acid  are 
chlorine,  iodic  acid,  hydrochloric  and  sulphuric  acids,  and  traces  of 
metals.    For  tests  see  U.  S.  Pharmacopoeia. 

Nitrates. — Nitric  acid  is  mono-basic,  hence  forms  normal  salts 
only.  They  may  be  prepared  either  by  solution  of  the  metal  or  its  oxide 
in  the  acid. 

The  nitrates  are  nearly  all  soluble  in  water,  the  exceptions  being  a 
few  of  the  basic  salts  (page  139)  which  this  acid  forms.  When  heated, 
nitrates  fuse,  and,  if  the  temperature  be  sufficiently  high,  they  undergo 
decomposition,  the  product  depending  upon  the  nature  of  the  nitrate 
and  the  d^^ree  of  heat.  Thus  the  alkali  nitrates  yield  nitrites  and  finally 
oxides,  while  the  alkaline  earth  (and  lead)  nitrates  yield  nitrogen 
tetroxide  and  an  oxide.  Mercuric  and  silver  nitrates  yield  nitrogen 
tetroxide  and  the  metallic  oxides,  which  at  higher  temperatures  decom- 
pose into  the  metal  and  oxygen  (2AgO.N02  =  Agj  +  O^  +  2NO2).  ^^^ 
alkali  nitrates  are  employed  in  dry  oxidations. 

Acidum  Nitrohydrochloricum,  U.S.P. — This  substance,  which  is 
also  known  by  the  names  of  aqua  regia  and  nitromuriatic  acid,  was 
first  prepared  by  Geber  (VIII  century),  who  dissolved  ammonium  chloride 
in  nitric  acid.  Basil  Valentine  appears  to  have  given  it  the  name 
aqua  regia,  because  of  its  solvent  action  upon  gold,  and  suggested  the 
method  for  preparing  it,  by  mixing  nitric  and  hydrochloric  acids. 

Preparation. — The  U.S.P.  recommends  the  preparation  of  it  by  mixing  18  parts 
of  nitric  with  82  parts  of  hydrochloric  acid,  all  by  volume.  The  acids  should  be 
mixed  in  an  open  vessel,  allowed  to  stand  until  effervescence  has  ceased,  and  pre- 
served in  partly  filled  bottles  in  a  cool  place.  The  compounds  formed  by  the 
combination  of  the  two  acids  are  chlorine  and  nitrosyl  chloride : 

^         HNOs     4      3HCI     =.     NOCl      -     Cla  2HaO. 

Properties. — Nitrohydrochloric  acid  is  a  "golden-yellow,  fuming, 
very  corrosive  liquid,  having  a  strong  odor  of  chlorine"  and  a  strongly 
acid  reaction.  It  is  wholly  volatilized  on  the  application  of  heat,  and 
readily  dissolves  gold  and  platinum.  This  solvent  action  depends 
largely  on  the  chlorine  which  is  present. 
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PHOSPHORUS. 

Symbol^  P.  Atomic  Weight,  30.77.  Valence,  III,  V. 

\^  History. — Phosphorus  was  discovered  by  the  alchemist  Brandt,  in 
1669,  at  Hamburg,  by  distilling  a  mixture  of  evaporated  urine  and  sand. 
Gahn  in  1769  found  it  to  be  a  constituent  of  boneash,  and  in  1771 
Scheele  published  a  method  for  preparing  it  from  this  source.  The  name 
phosphorus  {<fi*f9  =  light,  ^opu^  =  carrier)  was  given  because  of  its  lumin- 
ous action  in  the  dark. 

Occurrence. — Phosphorus  is  never  found  native  in  the  free  state, 
but  chiefly  as  calcium  phosphate,  the  principal  constituent  of  bones, 
as^well  as  of  the  minerals  apatite  [3Ca3(PO^J^+  CaFj]  and  phosphorite 
[Ca3(P0^).jf^  The  latter, which  is  known  as  ** phosphate  rock,"  is  exten- 
sively used  for  fertilizing  purposes. 

Phosphorus  is,  further,  very  widely  distributed  in  comparatively 
small  quantities.  It  is  always  found  in  plant  and  animal  tissues,  in  the 
soil,  and  in  sea  water.  This  element  is  eliminated  in  the  urine  as  calcium, 
magnesium,  and  sodium  phosphates. 

Preparation. — The  bones  are  freed  from  fat  by  carbon  disulphide  or  petro- 
leum benzine,  and  from  gelatin  by  superheated  steam.  They  are  then  burned  to 
whiteness.  The  resulting  white  boneash  is  composed  of  abiout  86  per  cent,  ter- 
tiary calcium  phosphate,  Ca3(P04)2.  with  small  quantities  of  magnesium  phosphate 
and  calcium  carbonate  and  fluoride. 

This  boneash  or  its  equivalent,  the  calcined  spent  boneblack  from  the  sugar 
refiners,  is  treated  with  sufficient  sulphuric  acid  to  convert  all  the  calcium  to  sul- 
phate, leaving  phosphoric  acid  in  solution.  This  is  then  evaporated  to  dryness 
with  ground  coke  and  heated  in  earthenware  retorts  to  white  heat.  The  reac- 
tions involved  are  as  follows  :  / 

(i)     Ca3(P04)2        j-         3H2SO4         -=         3CaS04         -f         2HSPO4.     / 

Calcium  Phosphate.  Phosphoric  Add. 

(2)  2H3PO4  -  2HPO3  \-  2H2O. 

Metaphosphoric  Acid.  / 

(3)  4HPO3         4-         12C  i2C()  1  2Ha         -i-         P4.\V' 

The  yield  is  from  8  to  10  per  cent,  of  the  bones  used.  Phosphorus  at  this  stage 
still  contains  impurities  carried  over  mechanically  in  the  process  of  distillation, 
and  from  these  it  must  be  further  purified.  This  is  accomplished  by  redistilling 
from  iron  retorts,  by  pressing  through  chamois  leather  under  water,  or  by  treating 
the  melted  phosphorus  under  water  with  a  mixture  of  sulphuric  acid  and  potas- 
sium dichromate. 

The  molten  phosphorus  is  then  moulded  into  stick-form  and  placed  in  :»ealed 
cans  containing  water.  It  should  always  be  cut  under  water.  The  world's  supply 
of  this  element  comes  from  three  manufactories,  one  at  Oldbury,  England,  one  at 
Lyons,  France,  and  one  at  Niagara  Falls.  At  this  latter  place  the  electric  furnace 
is  used. 

The  electrical  process  has  practically  replaced  the  old  method.  In  an  upright 
pear-sha|xjd  furnace,  an  intimate  mixture  of  carbon,  phosphate,  and  flux  is  heated 
by  means  of  carbon  electrodes.  The  phosphorus  vapors  pass  off  above  to  a  con- 
denser, while  the  slag  is  tapf.>cd  off  below.  The  use  of  sulphuric  acid,  concentra- 
tion, and  handling  of  the  phosphoric  acid  is  thereby  avoided. 

-h     loCO. 

Carix>n 
Mcmoxide. 


2Ca(P08)2     -r 

2Si()2 

loC      - 

-      P4        ^- 

2CaSi08 

Calcium 

Silica. 

Charcoal. 

Phos- 

Calcium 

Metaphosphate. 

phorus. 

Silicate. 
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Physical  Properties. — Phosphorus  exists  in  several  allotropic 
moditications,  most  important  of  which  are  the  yellow  and  the  red 
phosphorus. 

Yellow  Phosphorus  is  that  obtained  by  the  above-described  methods. 
This  variety  is  a  colorless,  transparent  to  translucent,  wax-like  solid. 
At  ordinary  temperatures  it  is  sufficiently  soft  to  be  cut  by  a  knife, 
but  at  lower  temperatures  it  becomes  more  brittle.  It  has  a  specific 
gravity  of  1.83  at  10°,  and  at  44.4*^  it  melts  to  a  colorless  refractive  liquid. 
It  boils  at  290*^,  air,  of  course,  being  excluded.  Between  the  temperatures 
of  500°  and  1000*^  the  vapor  of  phosphorus  has  a  density  of  61.92,  indi- 
cating a  formula  for  the  molecule  of  P^. 

Phosphorus  is  insoluble  in  water,  soluble  in  350  parts  of  absolute 
alcohol  at  15*^,  and  in  240  parts  of  boiHng  absolute  alcohol,  in  80  pa|ts 
of  absolute  ether,  25  parts  of  chloroform,  and  in  about  50  parts  of  any 
fatty  oil.  Carbon  disulphide  is  probably  its  best  solvent,  dissolving 
from  18  to  20'  "times  its  weigKt^without  losing  its  fluidity..  From  ^his 
solvent  phosphorus  crystallizes  in  rhombic  dodecahedra.  '  All  solutions 
of  phosphorus  in  carbon  disulphide  should  be  preserved  with  the  great- 
est care.  When  spilled  or  otherwise  exposed,  the  solvent  rapidly  evapo- 
rates, leaving  the  phosphorus  in  such  a  finely  divided  condition  that  it 
inflames  spontaneously.  Phosphorus  may  be  powdered  by  melting 
under  water  and  agitating  until  cold;  many  saline  solutions  facilitate 
this  division.  When  exposed  to  moist  air  it  is  slowly  oxidized  to  phos- 
phorous (H3PO3)  and  phosphoric  (H3PO J  acids ;  the  white  vapors  evolved 
contain  ammonium  nitrate,  ozone,  and  hydrogen  dioxide.  The  peculiar 
garlic-like  odor  of  phosphorus  resembles  that  of  ozone.  The  phosphor- 
escence, visible  in  the  dark,  when  exposed  to  the  air  appears  to  be  due  to 
the  slow  formation  and  spontaneous  combustion  of  phosphine.  Phos- 
phorus is  a  very  inflammable  element,  igniting  in  the  air  spontaneously 
at  50®.  For  this  reason  it  is  kept  and  cut  under  water.  Phosphorus, 
when  kept  under  water  and  exposed  to  the  light,  undergoes  slow  oxida- 
tion, becoming  covered  first  with  a  white,  opaque  film,  which  slowly 
turns  red. 

Chemical  Properties. — Yellow  phosphorus  possesses  a  great  affinity 
toward  many  elements,  uniting  directly  with  all  except  nitrogen  and 
carbon.     With  bromine  and  sulphur  it  reacts  violently.     Characteristic 
•is  its  affinity  for  oxygen;  when  exposed  to  the  air  at  40°,  or  at  a  lower 
-  temperature  if  in  a  finely  subdivided  state,  ignition  takes  place,  burning 
•  to  phosphorus  or  phosphoric  oxide,  according  to  the  supply  of  oxygen. 
The  slow  oxidation  of  phosphorus  is  accompanied  by  a  faint  glowing 
called  phosphorescence;  this  is  prevented  by  the  presence  of  hydro- 
carbons, ammonia,  ether,  turpentine,  etc. 

Because  of  its  great  affinity  for  oxygen,  phosphorus  is  an  energetic 
reducing  agent;  sulphuric  acid  is  reduced  to  sulphur  dioxide.  Nitric 
acid  is  deoxidized  with  explosive  violence,  salts  of  metals  are  reduced  to 
their  metals  and  phosphides;  thus  silver  nitrate  to  Ag  and  AgjP,  cop- 
per sulphate  to  Cu^P^. 
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Red  Phosphorus,  an  allotropic  modification,  which  possesses  properties 
essentially  different  from  the  yellow,  was  discovered  by  Schrotter  in 
1845.  It  forms  a  dark-red  to  reddish-brown  powder  of  specific  gravity 
2.19,  insoluble  in  carbon  disulphide  and  all  other  solvents;  does  not 
phosphoresce  and  is  stable  in  the  air.  It  does  not  fuse  at  red  heat,  but 
when  quickly  heated  to  above  260°  the  vapors  change  to  those  of  yellow 
phosphorus.^' Red  phosphorus  is  prepared  by  heating  the  yellow  variety 
to  300*^  in  closed  air-tight  vessels,  and  after  the  conversion,  the  product 
is  treated  with  carbon  disulphide  to  remove  any  of  the  tmchanged  phos- 
phorus. If  a  little  iodine  be  added,  this  change  will  take  place  at  below 
200°.    Red  phosphorus  crystallizes  in  the  hexagonal  system. 

Scarlet  Pliosphorus,  a  third  modification,  is  obtained  by  boiling  a  solution 
of  yellow  phosphorus  in  phosphorus  tribromide.  It  resembles  the  red  va- 
riety in  properties  except  that  it  is  more  active,  reducing  salts  of  the  met- 
als, and  with  the  alkalies  it  yields  phosphine  (PH^)  and  a  hypophosphite. 

Metallic  Phosplwrus  is  obtained  by  heating  the  yellow  variety  in  a  sealed 
tube  free  from  air  to  530*^.  It  forms  black  metallic  shining  crystals,  of 
J        specific  gravity  2.34,  which  are  less  active  than  the  red  variety. 

Uses. — Medicinally,  the  yellow  variety  is  very  poisonous,  it  produces 
burning  in  the  stomach,  vomiting,  and  convulsions.  The  v5^pors,  when 
breathed  for  any  length  of  time,  cause  necrosis  of  the  bones.  The  red 
modification,  because  of  its  insolubility,  is  inert  medicinally. 

The  yellow  phosphorus  is  employed  in  medicine,  in  the  manufacture 
of  the  acids  of  phosphorus,  and  in  making  matches.  The  red  variety  is 
chiefly  used  in  the  preparation  of  various  organic  compounds. 

The  different  ingredients  which  enter  into  the  composition  of  matches 
may  be  classified  as  follows:  the  oxidizable  components,  as  yellow  and 
red  phosphorus,  antimony  sulphide,  sulphur,  charcoal;  the  oxidizing, 
as  potassium  nitrate,  chlorate  and  bichromate,  red  lead,  manganese 
dioxide;  to  sustain  combustion,  the  sticks  arfe  impregnated  with  paraf- 
fine  or  sulphur.  Such  substances  as  powdered  glass  or  quartz  serve 
to  impart  the  necessary  friction.  The  ordinary  **  strike  anywhere" 
match  is  made  by  dipping  the  wooden  sticks  into  an  emulsion  of  yellow 
phosphorus  in  a  warm  concentrated  solution  of  glue,  to  which  have  been 
added  potassium  nitrate  or  chlorate,  manganese  dioxide,  and  powdered 
glass.  The  Swedish  (or  safety)  match  head  consists  of  a  mixture  of  potas- 
sium chlorate  and  dichromate  with  red  oxide  of  lead  and  antimony 
sulphide.  These  ignite  only  on  the  box,  the  sides  of  which  are  covered 
with  a  mixture  of  red  phosphorus,  antimony  sulphide,  and  powdered  silica. 

Impurities. — The  chief  objectionable  impurity  presentin  phosphorus, 
introduced  through  the  use  of  impure  sulphuric  acid  in  its  manufac- 
ture, is  arsenic.  This  enters  into  all  the  acids  and  salts  prepared  directly 
or  indirectly  from  this  element.  German  phosphorus  contains  &om 
o.oi  to  0.015  per  cent,  of  arsenic  (as  AsgO,),  while  that  of  iWierican 
manufacture  has  shown  0.03  per  cent.  The  Pharmacopoeia,  "Through 
its  test,  permits  a  limit  of  not  over  0.05  per  cent,  or  i  part  of  arsenous 
oxide  in  2000  parts  of  phosphorus. 
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PHOSPHORUS  AND  HYDROGEN. 

Phosphorus  combines  with  hydxx)gen  in  three  proportions : 

^       PHs,  gaseous  hydrogen  phosphide. 
PaH*,  liquid  hydrogen  phosphide. 
PiHa,  solid  hydrogen  phosphide. 

HYDROGEN  PHOSPHIDE  or  PHOSPHINE,  PHa. 


•  • 


Phosphine,  which  usually  contains  some  of  the  liquid  and  solid  varieties,  may 
be  prepared: 

(1)  By  heating  phosphorus  with  a  solution  of  ihe  alkali  hydroxides. 

P4  -  3KOH         4-         3HaO         -         3KHaPOa         +     PHa. 

Potassium 
Hypophosphite. 

(a)  By  the  action  of  water  or  dilute  acids  upon  alkali  phosphides. 

V        CaaPa      r      6HC1      -     aCaCla      •       2PH8. 
(3)  ^y  ignition  of  phosphorus  or  hypo  phosphorous  acids  or  their  salts 

<—  4HaP03  PHa  i  3H8PO4. 

Phosphorous  Acid.  Phosphoric  Acid. 

v_^  2HPHaOa        -=         PHa         -f         HaP04. 

Hypophosphorous  Phosphoric 

Acid.  Acid. 

The  reactions  involved  are  more  complex  than  given  above,  owing  to  the 
formation  of  the  liquid  self -in  flammable  phosphide  which  is  given  off  with  the 
gaseous  phosphide.  Hence  in  the  preparation  of  this  gas,  care  should  be  taken 
to  displace  the  air  from  the  apparatus  by  means  of  carbon  dioxide,  while  the 
delivery-tube  of  the  apparatus  snould  terminate  below  the  surface  of  water.  The 
escaping  gas,  as  it  comes  in  contact  with  air,  inflames  spontaneously  with  a  slight 
report,  forming  white  cloud  rings. 

Properties. — Pure  hydrogen  phosphide  is  a  colorless,  very  poisonous  gas,  of 
disagreeable  flshy  odor.  It  inflames  when  heated  to  100^  and  liquefles  when 
cooled  to  — 95®.  When  ignited,  it  bums  with  a  bright,  luminous  flame  yielding  a 
white  cloud  of  phosphoric  oxide. 

aPHa     4-     40a     --     jHaO     ^     PsOb. 

Mixed  with  chlorine  it  explodes  violently,  forming  phosphorus  pentachloride 
and  hydrochloric  acid.    Phosphine  gas  readily  reduces  solutions  of  silver  or  copper. 

Hydrogen  phos^ide  is  a  compound  analogous  to  ammonia,  and  combines  with 
the  halogen  acids,7ferming  phosphonium  chloride,  PH4CI,  bromide,  PHtBr,  and 
iodide.  PH4I.      ^5, 

Liquid  Hydro&n  Phosphide,  PaHi,  is  formed  by  passing  the  gas  obtained  by 
boiling  phosphonis  rand  a  solution  of  potassium  hydroxide  through  a  freezing 
mixture,  by  which  the  liquid  phosphide  is  condensed.  It  is  also  formed  by  the 
action  of  water  on  calcium  phosphide : 

CatPi        -f-         '•HaO         =         2Ca(0H)a        -f         PaHi. 

DicaJ^mn  Dipfaosphide.  Hydrogen  Phosphide. 

This  is  a  colorless,  strongly  refracting  liquid,  which  inflames  spontaneously  in 
contact  with  air.  On  exposure  to  light  without  access  of  air  it  readily  decom- 
poses into  gaseous  and  solid  h^^rogen  phosphide. 


S.;,.' 
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PHOSPHORUS  AND  THE  HALOGENS. 

Phosphorus  combines  readily  with  the  halogens  to  form  compounds 

III  V 

of  the  types  PX3  and  PX^. 

Phosphorus  Trichloride. — Phosphorus  Chloride,  PCI,,  is  prepared 
by  passing  dry  chlorine  into  a  retort  in  which  there  is  amorphous 
phosphorus;  a  moderate  heat  is  applied  to  the  retort,  and  the  result- 
ing vapors  of  the  chloride  are  conducted  into  a  well-cooled  receiver. 
When  the  phosphorus  is  kept  in  excess  the  product  is  nearly  pure,  but  if 
the  chlorine  be  slightly  in  excess  the  distillate  will  also  contain  phosphorus 
pentachloride,  which  may  be  removed  by  redistilling  from  ordinary 
phosphorus. 

Phosphorus  trichloride  is  a  colorless,  pungent  liquid,  boiling  at  76® 
and  retaining  its  liquidity  at  — 115*^.  Its  specific  gravity  at  0°  is  1.613. 
It  fumes  in  contact  with  moist  air,  and  is  decomposed  by  water  into 
hydrochloric  and  phosphorous  acids:  ^^  *'- 

PCla     +     3HaO     --.     3HCI     ^     HaPOa.       y-^- 

Phosphorus  Pentachloride. — Phosphoric  Chloride,  PCI5,  is  formed 
by  the  action  of  dry  chlorine  on  phosphorus  trichloride.  This  is  best 
accomplished  by  passing  the  dry  chlorine  over  the  surface  of  the  tri- 
chloride through  a  wide  tube,  occasionally  stirring  until  the  whole 
solidifies  to  a  crystalline  mass.  As  there  is  considerable  heat  developed, 
the  vessel  in  which  the  reaction  takes  place  must  be  kept  well  cooled. 

Phosphorus  pentachloride  is  a  yellowish-white,  crystalline  powder, 
which  fumes  strongly  on  exposure  to  air,  with  a  very  irritating  odor. 
It  sublimes  at  icx>°  without  previously  melting;  by  higher  temperatures 
it  is  decomposed  into  phosphorus  trichloride  and  chloride,  the  dissociation 
being  complete  at  336°.  Phosphorus  pentachloride  reacts  energetically 
with  water,  yielding,  according  to  the  relative  proportions  of  the  reacting 
substances,  phosphorus  oxychloride  (POCI3)',  metaphosphoric  acid  (HPO^ 
or  orthophosphoric  acid  (H^POJ,  and  hydrochloric  acid. 


PC15   -{■    H20    - 

=     POCI3     -f      2HCI. 

PClfi     ^   3HaO     = 

-     HPOa     +      5HCI. 

PCI5      t-  4H2O     - 

=     H3PO4    -h      5HCI. 

On  account  of  this  affinity  for  the  elements  of  water,  phosphorus 
pentachloride  is  a  useful  laboratory  reagent  for  determining  the  presence 
of  the  hydroxyl  group,  especia  ly  in  organic  compounds.  For  example, 
the  reaction  with  ethyl  alcohol  is  as  follows  : 

CaHB.OH     -f     PCI5     =    CaHfiCl     +     POCI3     -f     HCl. 

Ethyl  Alcohol.  Ethyl  Chloride.      Phosphorus 

Oxychloride. 

With  acetic  acid  there  is  formed  acetyl  chloride,  according  to  the 
following  reactions: 

CHaCO.OH     -f     PCI5      =     CaHsO.Cl     -f     POCI3     +     HCl. 
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With  an  aldehyde  in  which  the  oxygen  is  united  by  both  its  bonds  to 
carbon  the  following  reaction  expresses  the  change  : 

CeH5.C0H     -f      PC1«     =    CeHsCCla-H     -r     POCI3. 

Phosphorus  Tribromide,  PBrs,  is  prepared  like  the  trichloride,  which  it  closely 
^.^esembles.     It  has  the  specific  gravity  of  2.925  at  0°,  and  boils  at  175**. 

Phosphorus  Pentabromide,  PBra,  resembles  the  corresponding  compound  of 
chlorine  in  its  mode  of  formation  and  properties.  It  is  a  yellow  crystalfine  solid, 
which  melts  below  100^  and  on  heating  decomposes  into  PBra  and  Bra. 

Phosphorus  Chlorbromide,  PCUBra,  a  compound  formed  by  bringing  together 
nhosphorus  trichloride  and  bromine  in  the  proportion  of  their  molecular  weights. 
It  is  a  yellowish-red,  crystalline  solid,  which  decomposes  at  35®. 

Phosphorus  Tri-iodide,  Pis,  is  a  dark-red,  unstable,  crystalline  solid,  melting  at  55®. 

Phosphorus  Pentafluoride,  PP5,  is  formed  by  adding  arsenic  trifluoride  to  phos- 
phorus pentachloride:  sAsFs  H-  3PCI5  —^  sAsCls  -f  3PFb. 

It  is  a  colorless  gas,  possessing  a  density  of  62.98.  It  is  decomposed  by  water 
into  phosphoric  and  hydrofluoric  acids.  Its  chief  use  is  in  the  manufacture  of  a 
numl^r  01  compounds  of  fluorine. 

PHOSPHORUS    AND    OXYGEN. 

Two  oxides  and  six  acids  of  phosphorus  are  known,  as  follows: . 

Oxides.  Acids. 

Hypophosphorous  Acid,  HjPO^. 
Phosphorus  Trioxide,  PjOj.  Phosphorous  Acio;  H3PO3. 

Phosphorus  Pentoxide,  PjO^.  Orthophosphoric  Acid,  HjPO^. 

{Metaphosphoric  Acid,  HPO3. 
Pyrophosphoric  Acid,  H^P^Oy.  ^ 

The  ffieta  and  pyrophosphoric  acids  are  anhydride  acids  derived  from 
orthophosphoric  acid.  These  three  acids  may  be  considered  as  derived 
by  the  addition  of  water  to  phosphoric  oxide,  as  follows: 

+     Hfi  =  2HPO3,  Metaphosphoric  Acid. 
PjOj  {  +  2HjO  =     H^PjOy,  Pyrophosphoric  Acid. 
+  3H2O  =^  2H3PO^,  Orthophosphoric  Acid. 

PHOSPHORUS  OXIDE.    (PHOSPHORUS  TRIOXIDE.) 

Formula,  PaOs,  or  P4O6,  or  0=P-0-P=0.  Molecular  Weight,  109.18. 

This  compoimd  is  prepared  by  gently  heating  phosphorus  with  incom- 
plete access  of  air.  An  imperfect  combustion  takes  place  with  the 
formation  of  the  trioxide. 

It  is  a  white,  amorphous  powder  or  colorless  needles,  of  a  garlic-like 
odor  and  fusing  at  22.5°.  In  contact  with  air  it  rapidly  oxidizes  to 
form  the  pentoxide.      v^^^  w'.j^-^-' 

HYPOPHOSPHOROUS    ACID.       '^ 

Formula,  HaPOa,  or  HPHaOa,  or  0:PHa(OH).  Molecular  Weight,  65.53. 

Preparation. — Hypophosphorous  acid  is  prepared  by  heating  yellow  phos- 
phorus with  a  concentrated  solution  of  banum  or  calcium  hydroxide,  and  sub- 
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sequently  precipitating  the  barium  or  calcium  by  means  of  sulphuric  or  oxalic 
acid.  The  insoluble  barium  sulphate  or  calcium  oxalate  is  filtered  off  and  the 
filtrate  concentrated  by  evaporation  in  vacuo: 

I  3Ba(0H)a      f      2P4     -r     6HaO  3Ba(HaPOa)a      -      aPHa. 

Barium  Barium 

Hydroxide.  Hypopbosphite. 

Ba(HaPOa)a     -r     HaSOi  BaSO*     -*   I^HPHaOa. 

*  Barium  Hypophosphorous 

Sulphate.  Add. 

Properties. — Hypophosphorous  acid  is  a  color'ess,  thick  liquid  of 
strong  acid  reaction,  which  at  0°  forms  white  scales  fusing  at  17.4**. 
When  heated,  it  decomposes  into  hydrogen  phosphide  and  phosphoric 
acid. 

^         2HPHaOa  -  PHs  HaPOi. 

Because  of  its  great  affinity  for  oxygen,  being  oxidized  to  phosphoric 
acid,  it  is  a  powerful  reducing  agent.  Thus  silver  nitrate  is  reduced  to 
metallic  silver,  mercuric  chloride  to  mercurous  chloride,  copper  sulphate 
to  its  hydride,  and  iodine  to  hydriodic  acid. 

HPHaOa  4Hg(^la  aHaO  HaPOi       i       4H(1     -,      4HgCl. 

HPHaOa  2la      ^       2HaO     .       HaPOi  4HI. 

aHPHaOa     f     2CUSO4     '     4HaO  2H8PO4    -     CuaHa      :      2HaS04     -  Hi. 

HPHaOa  2Cla      '       2HaO  H3PO4     -     4HCI. 

sHPHaOa    -  4KMn04    i     6HaS04         2KaS04        4MnS04   -     5H8PO4        6HaO. 

Acidum  Hypophosphorosum,  U.S. P.,  contains  30  per  cent,  by 
weight  of  absolute  HPHgO^.  It  has  a  specific  gravity  of  about  1.130 
at  25^ 

Acidum  Hypophosphorosum  Dilutum,  U.S.?.,  contains  :o  per 
cent,  by  weight  of  absolute  HPHjO^.  This  acid  has  a  specific  gravity 
of  about  1.042  at  25*^. 

Impurities  and  Tests, — The  most  probable  impurities  in  this  acid 
are  hydrochloric,  sulphuric,  phosphoric,  and  oxalic  acids,  barium,  arsenic, 
and  calcium  hypophosphite.  Before  testing  for  the  presence  of  arsenic, 
the  solution  must  be  oxidized  to  phosphoric  acid,  for  the  nascent  hydro- 
gen generated  in  the  arsenic  test  reduces  the  hypophosphorous  acid  to 
phosphine  gas  which  produces  a  yellow  stain,  similar  to  that  of  arsine, 
upon  the  mercuric  chloride  paper  cap.    (U.S. P.  page  521.) 

Hypophosphites. — The  salts  of  this  acid  are  prepared  from  the  cal- 
cium or  barium  salt  by  double  decomposition.  They  are  all  soluble  in 
water. 

In  the  dry  state  they  are  stable,  but  in  solution,  when  exposed  to  the 
air,  they  absorb  oxygen  and  are  gradually  oxidized  to  phosphates. 
When  heated,  the  hypophosphites  are  decomposed  into  phosphine, 
hydrogen,  and  a  pyro-  or  metaphosphate.  The  hypophosphites  are 
likewise  reducing  agents.  In  pharmaceutical  preparations  they  are 
usually  protected  by  sugar. 
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PHOSPHOROUS  ACID.       V 

V    /OH 
Formula,  U9PO9,  or  HaPHOa,  or  H.PO<  Molecular  might,  81.41. 

^OH 

Preparation. — This  acid  is  formed  with  hypophosphoric  and  phosphoric  acids  when 
phosphorus  is  exposed  to  moist  air.  It  is  prepared  pure  and  in  large  quantity  by  lead- 
ing a  stream  of  chlorine  into  melted  phosphorus  under  water.  Phosphorus  trichlor- 
ide is  first  produced,  which  is  decomposea,  as  fast  as  formed,  by  the  water  present: 

/    -  r    PCla  r         3HaO  -         HaPOa  1  3HCI. 

aHgCJ    r?      HaPOa    +     HaO    =.,H^2.     u.  HaPOi     ^      2HCI. 


The  phosphorous  acid  is  thereby  oxidized  to  phosphoric  acid.  It  may  also  be 
prepared  by  dissolving  phosphorus  oxide  in  water. 

The  solution  is  evajxjratea  until  it  attains  a  temperature  of  1 80°,  when  a  thick 
fluid  mass  remains,  which,  on  cooling,  solidifies  to  a  mass  of  crystals,  having  a 
melting  point  of  70®.  On  heating  above  180°  decomposition  takes  place,  with 
formation  of  phosphoric  acid  and  hydrogen  phosphide,  as  follows: 

^  4HaPOa         ^         aHaPO*         +         PHa. 

Phosphorous  acid  is  a  powerful  reducing  agent,  precipitating  gold,  silver,  anfl 
mercury  in  the  metallic  state  from  solutions  of  their  salts. 

2HgCla     4-     HaPOa     -f     HaO     =     2HgCl     -f     HaPOi     -h     2Ha.    - 

Mercuric  Mercurous 

Chloride.  Chloride. 

Phosphites. — Alkali  hydroxides  react  with  phosphorous  acid  to  form 
two  kinds  of  salts  according  to  the  proportions  in  which  the  substances 

f^act. 

V  2NaOH        -\-        HaPHOa        =        NaaHPOa  2HaO. 

^  Sodium  Phosphite. 

NaOH  -f        HaPHOa        -=        NaHaPOa        -I         HaO. 

Sodium  Hydrogen  Phosphite. 

The  alkali  phosphites  are  all  soluble  in  water,  the  others  are  difficultly 
soluble.  The  acid  behaves  dibasic.  The  phosphites  are  distinguished 
from  the  hypophosphites  by  the  former  causing  precipitates  with  barium 
and  calcitun  hydroxides. 

\         PHOSPHORIC    OXIDE    (PHOSPHORUS    PENTOXIDE). 

V  V 

~        Formula^  PaOa,  or  OaP-O-POa.  Molecular  Weight,  140.94. 

Phosphorus  pentoxide  is  prepared  by  burning  phosphorus  in  dry  air 
or  oxygen.  It  is  a  bulky,  white,  amorphous,  or  crystalline  powder,  the 
latter  of  which  is  capable  of  being  sublimed  at  250*^.  It  has  a  powerful 
affinity  for  water,  hissing  when  thrown  into  it.  Unless  it  be  rigidly 
excluded  from  moist  air  deliquescence  rapidly  takes  place.  On  account 
of  this  affinity  for  moisture  it  is  much  used  in  the  drying  of  gases. 

ORTHOPHOSPHORIC  ACID. 

Formula,  HaPO*,  or  0:P(OH)a.  Molecular  Weight,  97.29. 

Histofy. — The  existence  of  this  acid  was  first  noticed  by  Marggraf,  in  1746,  on 
account  of  the  peculiar  yellow  precipitate  it  produced  with  silver  nitrate.  Graham, 
in  1833,  first  pointed  out  the  ciifference  between  the  ortho-,  pyro-,  and  meta-acids. 

Preparation. — Orthophosphohc  acid  may  be  prepared  : 
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(i)  Through  the  solution  of  phosphorus  pentachloride  or  bromide  or  (etUoxide  tn 
water.  Technically,  the  acid  may  be  prepared  by  burning  phosphorus  with  an  abun- 
dant supply  of  oxygen,  and  after  the  absorption  of  the  oxides  in  water,  the  result- 
ing mixture  of  phosphorus  and  phosphoric  acids  are  completely  oxidized  to  the 
ortho-acid. 

(2)  Through  the  oxidation  of  phosphorus,  in  the  presence  of  water ,  by  means  of 
nitric  acid : 

3P     -t^     sHNOs     -f     aHaO     --=     aHsPO*     +     5NO. 

(3)  More  expeditiously  and  with  less  danger,  the  phospthorus  may  be  oxidized 
by  means  of  a  mixture  of  bromine  {or  iodine)  and  nitric  acid  in  presence  of  water. 
A  phosphorus  pentabromide  is  first  formed,  which,  in  contact  with  the  water, 
is  decomposed  into  phosphoric  acid  and  hydrobromic  acid. 

J    ..  /  PBrs     -f     4H2O     :=     HsP04     +     sHBr. 

The  hydrobromic  acid  formed  is  decomposed  by  the  nitric  acid  with  formation 
of  bromine,  water,  and  nitrogen  dioxide  : 

^  6HBr     -f     2HNOS     =     3Bra     -f     4H«0     -f     N«Oa. 

The  liberated  bromine  now  combines  with  a  fresh  portion  of  phosphorus  and 
the  reactions  are  repeated.  In  this  way  a  limited  amount  of  bromine  is  able  to 
eflfect  the  conversion  of  a  large  quantity  of  phosphorus  to  its  acid  without  the  aid 
of  heat. 

(4)  From  bone-ash,  through  treatment  with  an  excess  of  sulphuric  acid : 

CaaCPOOa     -\~     3HaS04     =-     3CaS04     +     2H8PO4. 

The  excess  of  the  latter  acid  being  removed  by  ignition. 

Owing  to  the  presence  of  arsenic  in  phosphorus  (usually  0.0 1  to  0.03  per  cent. 
AsaOa),  which  is  oxidized  to  arsenic  acid  (IisAs04)  in  the  process,  the  phosphoric 
acid  is  diluted  and  saturated  with  hydrogen  sulphide.  After  the  removal  of  the 
arsenous  sulphide,  the  solution  is  brought  up  to  the  desired  degree  of  concen- 
tration by  evaporation. 

Properties. — Anhydrous  orthophosphoric  acid  crystallizes  in  six- 
sided  rhombic  prisms  which  fuse  at  38.6*^.  On  exposure  to  moist  air, 
or  on  the  addition  of  water,  they  deliquesce  to  a  thick  syrupy  liquid. 
The  crystals  are  also  easily  soluble  in  alcohol.  At  260°  and  300° 
orthophosphoric  acid  is  converted  into  the  pyro-  and  meta-  varieties. 

Acidum  Phosphoricum,  U.S. P.,  contains  85  per  cent,  of  absolute 
HjPO^.  It  has  a  specific  gravity  of  about  1.707  at  25*^.  "When  heated, 
the  liquid  loses  water;  at  200*^  it  gradually  begins  to  change  to  pyro- 
phosphoric  acid.  At  a  still  higher  temperature  it  is  converted  into  meta- 
phosphoric  acid,  which  volatilizes  in  dense  fumes,  or  forms,  on  cooling, 
a  transparent  mass  of  glacial  phosphoric  acid."  The  official  diluted 
acid  contains  10  per  cent.,  by  weight,  of  absolute  acid. 

Impurities. — The  impurities  liable  to  be  present  in  phosphoric  acid 
are  arsenic  acid,  sulphuric  acid,  nitric  acid,  lead,  and  copper,  which  are 
introduced  through  the  raw  materials  employed  in  its  manufacture. 
Other  impurities,  such  as  phosphorus,  meta-  and  pyrophosphoric  acids, 
are  the  results  of  the  incomplete  oxidation  of  the  phosphorus  or,  as  with 
the  latter  two,  the  overheating  of  the  acid.    For  tests  see  U.  S.  Pharma- 
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Phosphates. — Orthophosphoric  acid,  being  tribasic,  forms  three  classes 
of  salts,  according  as  one,  two,  or  three  atoms  of  hydrogen  are  replaced 
by  metals;  these  are  called  .primary  (NaH2P0J,  secondary  (Na^HPOJ, 
and  tertiary  (Na^POJ  phosphates.  Since  two  of  these  salts  contain 
replaceable  hydrogen,  they  may  also  be  termed  mono-sodium  phos- 
phate (NaHjPOJ,  di-sodium  phosphate  (NagHPOJ.and  tri-sodium  (neu- 
tral) phosphate  (Na^PO^).  When  the  acid  is  neutralized  by  a  carbon- 
ate, the  secondary  salt  Sodii  Phosphas,  U.S. P.,  is  obtained. 

^^        H8PO4     +     NaaCOs     :        NaaHPOi     4      COa     f     HaO. 

The  salts  of  the  alkali  metals  are  soluble  in  water,  all  others  are  in- 
soluble, but  readily  so  in  hydrochloric  acid.  Phosphoric  acid  yields  a 
number  of  double  or  mixed  salts  through  the  replacement  of  the  hydro- 
gens by  various  metals,  thus: 


k 


HNaNHiPOi  (hydrogen  sodium  ammonium  phosphate). 
NHiMgPOi  (ammonium  magnesium  phosphate). 


Tetection. — Orthophosphates,  as  well  as  the  acid,  are  detected  by 
adding  silver  nitrate  to  a  neutral  solution,  when  a  yellow  precipitate 
forms  consisting  of  silver  phosphate,  AgjPO^.  This  precipitate  is  solu- 
ble in  nitric  acid  and  in  ammonia.  The  acid  salts  give  acid  solutions 
with  silver  nitrate,  while  with  the  neutral  ones  the  solution  remains 
neutral;  by  this,  we  distinguish  acid  phosphates  from  the  normal. 

NaaHPO*      {      sAgNOa    =     Ag3P04     4      2NaN08     4      HNOa. 
NaaPOi     -f     3AgNOs      -     Ag3P04      j      3NaNOs. 

The  free  acid  gives  no  precipitate  until  neutralized.  Ammonium 
molybdate  in  nitric  acid  solution  causes  a  yellow  precipitate  to  slowly 
separate,  consisting  of  ammonitun  phospho-molybdate,  (NH^)3P04(Mo 
Os)ii  +6Hj0.  In  alkaline  solutions,  magnesia  mixture  causes  a  white 
precipitate  of  ammonium  magnesium  phosphate,  MgNH^P0^.6HjO. 
Phosphoric  acid  does  not  coagulate  albumin. 

PYROPHOSPHORIC   ACID. 

OH 
O :  P^OH 
Formula,  KtP^Pit  OT  yO.  Molectdar  Weight ,  176.70. 

\0H 

Preparation. — The  acid  is  prepared  by  prolonged  heating  of  the  orthophosphoric 
acid  at  temperatures  from  200®  to  260®,  until  a  portion  neutralized  with  ammonia 
and  treated  with  silver  nitrate  yields  a  pure  white  precipitate  free  from  yellow 
color.     2HSPO4  —  HaO  =  H4P2O7. 

Properties. — Pyrophosphoric  acid  forms  crystalline,  opaque  white 
masses.  It  is  easily  soluble  in  water,  and  in  solution  it  slowly  reverts 
to  theortho  variety.  This  may  be  quickly  accomplished  by  heating  with 
water. 

H4P8O7    +    HgO    -    2H8PO4. 
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Pyrophosphates. — Pyrophosphoric   acid   is  dibasic,  and,  as  shown 
from  the  following  structure,  the  hydrogen  atoms  are  replaceable  only 

/OHHO 
in  pairs,  0:Pi-OHHO^P:0 


The  acid  salts  have  the  general  formula  H2Me2P20y,  and  the  neutral 
ones  Me^PjOy.  The  salts  are  usually  obtained  by  heating  the  acid  ortho- 
phosphates.  2Na2HP04  —  Na^PgOy  +  H2O.  Acid  pyrophosphates 
are  converted  into  metaphosphates  when  heated  to  redness. 

The  pyrophosphates  of  the  alkalies  are  soluble  in  water;  those  of 
other  bases  are  mostly  insoluble  in  water,  but  soluble  in  acids.  Solutions 
of  the  salts  in  water  remain  unchanged,  but  when  heated  with  water 
to  280*^  or  on  boiling  with  dilute  acids  or  fusing  with  sodiiun  carbonate 
they  are  converted  into  phosphates. 

Detection. — Pyrophosphoric  acid  and  its  salts  are  recognized  and 
distinguished  from  the  other  varieties  by  the  white  precipitate  of  its 
solution  with  silver  nitrate,  by  the  absence  of  a  precipitate  with  am- 
monium molybdate  in  the  presence  of  nitric  acid,  and  by  the  inability 
of  the  free  acid  to  coagulate  albumin. 

METAPHOSPHORIC  ACID. 

Formula,  HPOa,  or  OaP— OH.  Molecular  Weight,  79.41. 

This  acid  is  also  known  as  glacial  phosphoric  acid.  It  is  prepared  by 
heating  the  ortho-  or  pyro-acid  to  about  316°.  It  is  also  produced  by 
dissolving  phosphorus  pentoxide  in  a  molecular  quantity  of  cold  water, 

P2O6     -^     H2O     -^     2  HPOa. 

Properties. — Metaphosphoric  acid  exists  in  the  form  of  a  glassy 
deliquescent  pasty  mass.  The  commercial  *'  stick  '*  glacial  acid  consists 
of  a  variable  mixture  of  pyro-  and  meta-acids  with  as  much  as  1 5  per 
cent,  of  sodium  pyrophosphate  which  is  added  to  impart  a  more  vitreous 
and  stable  appearance.  The  aqueous  solution  slowly  changes  to  the 
ortho  variety,  quickly  on  boiling,  and  without  formation  of  the  inter- 
mediate pyro-acid. 

HPO3     4     H2O    ^.     HaPOi. 

Metaphosphates. — Metaphosphoric  acid  is  mono-basic  and  yields 
only  normal  salts,  which  may  be  obtained  by  neutralizing  the  acid  or 
by  heating  the  primary  ortho-salts  to  redness, 

NaHaPOi      --     NaPOa      ]      HaO. 

when  the  aqueous  solutions  of  these  salts  are  boiled,  they  revert  back 
to  their  ortho-salts. 

Detection. — The  free  acid  and  its  salts  are  detected  and  distinguished 
from  the  other  varieties  by  the  white  precipitates  with  silver  nitrate, 
baritmi  and  calcium  chlorides,  by  not  forming  a  precipitate  with  am- 
monium molybdate  in  presence  of  nitric  acid,  by  the  free  acid  coagu- 
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lating  albumin,  and  by  the  absence  of  a  precipitate  with  magnesium 
sulphate  in  neutral  solution. 

OXYHALOGEN  COMPOUNDS  OF  PHOSPHORUS. 

Phosphorus  Oxychloride  (Phosphoryl  Chloride),  POCI3,  may  be  obtained 
by  decomposing  the  pentachloride  with  a  limited  quantity  of  water  or 
distilling  it  with  phosphorus  pentoxide  or  crystallized  boric  acid. 

^    PCI5     -f     HaO     =     POCla     +     2HCI. 
t-'       3PC1«     +     P«05    =     5  POCla. 

3PC1«     -f     aHsBOa     =     aPOCla     -f     BaOa     +'    6HC1. 

Phosphorus  oxychloride  is  a  colorless,  highly  refractive  liquid  which 
boils  at  107*^.  When  cooled  it  solidifies  to  acidular  crystals,  which  melt 
at  — 1.5°.  Wi^JiT  water  it  is  decomposed  into  phosphoric  and  hydro- 
chloric acids  r' 

POCla     +     3HaO     r=.     HaPOi     +     3HCI. 

Phosphorus  Oxybromide  (POBrg)  forms  colorless  plates  which  boil  at 
193  to  195°:  the  oxy-iodide  (POJg)  yellow  to  red  crystals;  the  oxy fluor- 
ide (POF3)  is  a  gas. 

Compounds  of  Sulphur  and  Phosphorus. 

These  are  usually  prepared  by  fusing  red  phosphorus  and  sulphur 
together.  The  two  chief  compounds  correspond  to  the  tri-  and  penta- 
oxides. 

Phosphorus  Trisulphide  (Phosphorus  Sulphide),  P2S3,  is  a  gray-yellow 
crystalline  mass  which  fuses  at  167*^  and  boils  at  380*^.  It  sublimes  un- 
decomposed. 

Phosphorus  Pentasulphide  (Phosphoric  Sulphide) ,  PjS,,  is  a  gray-yellow 
crystalline  mass  which  boils  at  518°.     It  sublimes  undecomposed. 

ARSENIC. 

Symbol,  As.  Atomic  Weight,  74.4.  Valence,  III,  V. 

History. — Arsenic  in  the  form  of  its  two  sulphides,  realgar  and  orpi- 
fftent,  was  known  to  the  ancients.  Theophrastus  (about  300  b.  c.)  was 
the  first  to  apply  the  name  arsenikon  {aptrevixth) ,  Magnus  (1193  to 
1280)  described  the  preparation  of  the  metal  from  its  oxide  by  means 
of  reducing  agents.  Schroeder,  in  1694,  appears  to  have  been  the  first 
to  separate  the  metal. 

Occurrence. — Arsenic  is  widely  distributed  in  nature;  in  the  free 
state  it  is  occasionally  found  in  distinct  crystals.  In  the  combined  state 
arsenic  is  more  abundantly  distributed:  as  arsenolite,  AsgO,,  or  the  sul- 
phides, as  orpivneni,  As^Sj,  and  realgar,  ASjSj.  or  the  metallic  arsenides  in 
the  form  of  arsenical  iron,  FeAs^,,  and  arsenical  pyrites  or  mispickel,  l^eAsS. 
Certain  cobalt  and  nickel  ores,  as  cobalt  glance  (CoAsS)  and  nickel  glance 
(NiAsS),  also  contain  considerable  quantities  of  arsenic.  Small  quan- 
tities of  arsenic  are  foimd  in  many  mineral  waters  and  in  sea  water. 
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Preparation. — Metallic  arsenic  is  prepared  by  subliming  the  native  mineral  or  by 
reducing  arsenous  oxide  with  charcoal: 


AsaOa     -f     3C     =     2As     -f     3CO. 
Probably  the  largest  quantity  is  prepared  by  subliming  arsenical  p3rrites : 

J  2FeAsS    =     2As     -f     2FeS. 

Physical  Properties. — Arsenic  appears  usually  in  the  form  of  a 
steel-gray,  brittle,  crystalline  (hexagonal)  mass  of  specific  gravity  5.73 
(14°),  and  is  a  good  electric  conductor.  It  sublimes  under  ordinary 
pressure  without  fusion,  but  under  higher  pressure  it  fuses  at  500®. 
Arsenic  appears  in  two  allotropic  modifications,  crystalline  and 
amorphous.  When  sublimed  in  a  current  of  hydrogen,  an  amor- 
phous form  separates.  This  latter  form  is  also  deposited  upon 
heating  arsine  (AsHj) ;  it  is  black,  amorphous,  and  when  heated  to  360® 
it  reverts  to  the  crystalline  variety.  The  gray-white  (hexagonal)  crystal- 
line variety  is  obtained  by  suddenly  cooling  arsenical  vapors ;  this  form 
closely  resembles  yellow  phosphorus  in  physical  properties.  At  860** 
the  molecule  of  arsenic,  like  that  of  phosphorus,  consists  of  four  atoms 
(As^),  but  at  1700*^  it  consists  of  two  atoms. 

Chemical  Properties. — In  dry  air  arsenic  undergoes  no  change, 
but  when  heated  it  inflames  at  180*^  and  then  bums  with  a  bluish  flame, 
forming  AsjOg,  emitting  a  garlic-like  odor.  At  higher  temperature 
it  unites  directly  with  most  e  ements.  It  tmites  with  metals  to  form 
arsenides,  analogous  to  the  sulphides. 

Uses. — Metallic  arsenic  is  chieflv  used  in  manufacture  of  shot  to  give 
a  globular  form  to  the  grains.  Cobalt  glance,  a  compound  of  arsenic  and 
cobalt,  has  considerable  use  as  a  fly-poison  under  the  name  of  fly-stone. 

ARSENIC  AND  HYDROGEN. 

Hydrogen  Arsenide  or  Arsine,  AsH,. — Analogous  to  nitrogen  and 
phosphorus,  arsenic  also  forms  a  gaseous  hydride,  which  is  produced 
through  the  action  of  nascent  hydrogen  on  arsenous  oxide  or  its  com- 
pounds, the  hydrogen  being  generated  through  the  action  of  dilute  hydro- 
chloric or  sulphuric  acid  on  zinc  (Zn  +  2HCI  ^^nCl^  +  Hj)  or  solutions 
of  caustic  alkalies  on  zinc  or  aluminum  [Zn  +  2KOH  =  Zn(0K)2  +  HJ. 

AS2O3     -r     6H2     =     3HaO     -f     aAsHs. 

The  pure  arsine  may  be  prepared  by  the  action  of  dilute  acids  upon 
zinc  arsenide. 

As2Zn3     4      6HC1     ^     3ZnCla     4      2AsH8. 

This  reaction  should  be  carried  out  with  great  precautions  because 
of  the  extremely  poisonous  nature  of  this  gas,  there  being  no  antidote 
when  inhaled. 

Properties. — Arsine  is  a  colorless  gas  of  garlicky  odor;  when  cooled 
to  — 40°  it  liquefies.  It  bums  with  a  bluish-white  flame,  evolving  white 
f tunes   of   arsenic   trioxide. 

2ASH3     4      30a    -=     AsaOs     +     jHaO. 
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If  a  cold  porcelain  surface  be  held  against  the  flame  or  the  gas  is  passed 
through  a  heated  tube,  it  decomposes  into  its  elements  with  the  deposition 
of  a  brilliant  gray-black  layer  of  metallic  arsenic.  2ASH3  ^  Asj  +  3H2. 

Marsh's  test  (see  page  264)  depends  on  this  property.  When  arsine 
is  passed  into  a  solution  of  silver  nitrate,  metallic  silver  is  precipitated, 
as  follows : 

6AgN08     -t      AsHs     4      3HaO     ^     3Ag2      :      6HNO3     -     H3ASO3. 

When  potassium  or  sodium  is  heated  in  a  current  of  arsine  gas,  arsenides  (MeaAs) 
are  produced. 

Solid  Hydrogen  Arsenide,  AS2H2,  is  formed  as  a  brown,  silky  mass  when  sodium 
arsenide,  AsNaa,  is  decomposed  by  water. 

ARSENIC  AND  THE  HALOGENS. 

The  halogen  compounds  of  arsenic  of  the  type  AsXs  are  analogous  to  those  of 
phosphorus  and  are  usually  produced  through  the  direct  union  of  the  elements. 

sArsenic  Trichloride  {Arsenous  Chloride),  AsCU,  is  prepared  by  passing  dry  chlorine 
over  powdered  arsenic,  or  it  is  evolved  when  the  tnoxide  is  boiled  with  concen- 
tratea  hydrochloric  acidr  6HC1  4-  AsaOs  —  2AsCls  i  3HaO.  It  forms  a  colorless, 
fuming,  oily  liquid  of  specific  gravity  2.2.  It  solidifies  at  — 30°  and  boils  at  134®. 
Excess  of  water  it  decomposes  into  hydrochloric  acid,  arsenous  oxide,  and  water. 

The  Tribromide,  AsBrs,  forms  deliquescent  crystals  which  fuse  at  20®  and -boil 
at  220®.  The  Trifluoride,  AsFs,  is  a  fuming  liquid  which  boils  at  63®.  The  various 
possible  penta-halogen  compounds  of  arsenic  are  not  known  in  free  condition. 

^■*^  Arsenic  Tri-iodide,  ks\.  Arseni  lodidum,  U.S. P. — This  may  be  pre- 
pared by  extracting  the  powdered  commercial  article  (made  by  fusing 
I  p.  of  As  wilh  5  p.  of  I),  with  chloroform  and  evaporating;  or  by  pour- 
ing a  hot  solution  of  arsenous  oxide  in  hydrochloric  acid  (10  in  250) 
into  an  aqueous  solution  of  potassium  iodide  in  water  (51  gm.  to  40  cc). 
Properties. — Arsenic  tri-iodide  should  form  an  orange-red, stable,  crys- 
talline or  granular  powder.  When  heated,  it  should  not  lose  iodine;  at 
higher  temperatures  it  is  volatilized.  It  is  soluble,  with  partial  but  tem- 
porary decomposition,  in  about  12  parts  of  water,  28  of  alcohol,  and  com- 
pletely in  chloroform  or  carbon  disulphide.  It  is  one  of  the  active  ingredi- 
ents of  Donovan's  Solution,  Liquor  Arseni  et  Hydrargyri  lodidi,  U.S.P. 

.  ARSENIC  AND  OXYGEN. 

Oxides.  Acids. 

HI 

Arsenic  Trioxide,  As^Oj.         -  Arsenous  Acid,  HjAsO,.* 

V  Metarsenous  Acid,  HAsOj.f 

Arsenic  Pentoxide,  As^Oj.  Orthoarsenic  Acid,  HgAsO,. 

Pyroarsenic  Acid,  H^As^O^. 

Metarsenic  Acid,  HASO3. 

Arsenic  Trioxide,  AsgO^.  Arseni  Trioxidum,  U.S.P. — Arsenotis  oxide, 
Arsenous  anhydride,  Arsenous  acid.  White  arsenic— This  was  known  to 
Geber  in  the  8th  century,  being  prepared  through  the  ignition  of  arsenic 
trisulphide. 


♦  Known  only  in  solution.         -  f  Known  only  in  salts. 
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Prepuation. — Arsenous  oxide  is  obtained  as  a  by-product  in  various  metallurgi- 
cal operations.  Cobalt  and  nickel  ores  are  especially  rich  in  arsenic,  and  the  fume* 
from  the  roasting  of  these  ores  are  passed  through  a  series  of  chambers,  in  which 
the  arsenous  oxide  is  condensed  in  an  impure  condition.  In  Silesia,  arsenical 
pyrites  are  roasted  especially  for  the  arsenic.  In  England,  large  quantities  are 
ODtained  in  the  roasting  of  tin  ores.  When  resulting  as  a  by-product,  arsenous 
oxide  is  usually  in  tine  powder  and  quite  impure,  and  requires  to  be  resublitned. 
This  is  accomplished  by  the  apparatus  shown  in  Fig.  loi :  d  is  an  iron  vessel  io 
which  the  oxide  is  heated;  ^-   "-■ 


placed  a  number  of  iron  cylinders,  r,  /. 
g.  h,  which  are  connected  by  the  tubes 
o,  n.  n',  with  the  chamber  m.  In  the 
cylinders  the  oxide  condenses  as  an 
amorphous,  opaque,  glassy  solid,  while 
in  the  lubes  and  chambers  it  is  deposited 
as  a  crystalline  powder. 

Physical  Properties. —  Arsen- 
ous oxide  assumes  three  allotropic 
pi  odifi  cations; 

^  The  Vitreous,  or  Amorphous,  form 
appears  in  transparent,  colorless 
masses,  odorless,  of  specific  grav- 
ity 3.74.  which  gradually  become 
opaque  (porcelain -like),  changing 
to  the  crystalline  octahedral  form. 
This  variety  requires  about  30, 
while  the  crystalline  about  100 
parts  of  water  at  25°  for  solution. 
Oil  of  turpentine  dissolves  this 
variety  only. 

siibiinLKiuioiiirHiiaiisoiiiit-.  "^^c  Ocliiliedral   Variety    is   that 

usually  assumedwhen  the  vapors  of 
arsenous  oxide  are  quickly  cooled  or  when  it  crystallizes  from  hot  water 
or  hydrochloric  acid.  It  fonns  regular  octahedra  of  specific  gravity 
3.(k),  and  sublimes  without  fusing  abovu  218°;  under  pressure  it  fuses, 
solidifyiii):;  lo  a  glassy  mass.  The  third  or  Motwdittic  variety  is  formed 
when  arsenic  vaj>ors  crystallize  slowly  above  200°.  The  vapor  density 
of  arsenous  oxide  up  to  800°  indicates  the  formula  of  As^O, ;  at  1800°  it 
corresponds  to  As^Oj. 

Chemical  Properties. — The  aqueous  solution  of  arsenous  oxide 
has  a  feeble  acid  reaction,  reacting  like  a  tribasic  acid.  When  boiled 
with  concentrated  hydrochloric  acid,  it  forms  a  salt  and  gradually  vola- 
tilizes as  arsenous  chloride  (AsCl^).  With  a  diluted  acid  it  probably 
forms  arsenous  acid  (n.,AsO,),  which  evidences  the  feeble  basic  proper- 
ties of  this  scmi-mctallic  element,  Arsenous  oxide  is  readily  oxidized 
to  arsenic  oxiile;  hence  is  emploved  as  a  reducing  agent.  It  is  readily 
dissolved  liy  the  alkali  hydroxides,  forming  salts.  Nascent  hydrogen 
converts  the  trioxide  into  arsine  (AsH^);  also  when  heated  with  carbon, 
the  reduced  arsenic  is  deposited  as  a  metallic  mirror, 

P  operties  and  Uses.— Arsenic  trioxide  is  very  poisonous,  acting  as 
an     litant  poison.     BtginnJng  with  very  small  doses,  the  system  gradu- 
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ally  establishes  a  toleration  for  large  amounts.  The  usual  antidote  is 
ferric  hydroxide  (F err i  Hydro xidum  cum  Magnesii,  U.S. P.),  which  forms 
an  insoluble  arsenite  of  iron.  Arsenic  oxide  is  employed  in  large  quan- 
tities in  the  preparation  of  inorganic  colors,  decolorizing  glass,  as  well  as 
medicinally. 

Arsenous  Acid,  HjAsOj,  is  not  known  in  the  free  state,  for  upon  libera- 
tion from  its  salts,  it  breaks  up  into  the  anhydride  and  water;  2H3ASO3 
=  AsjO,  +  3H2O.  Arsenous  acid  is  probably  formed  upon  dissolving  the 
anhydride  in  water  or  diluted  hydrochloric  acid  (As^.O,  i  3H2O  = 
2H3ASO3).  Being  tribasic,  three  classes  of  salts  (analogous  to  those  of 
phosphoric  acid)  are  possible.  The  following  salts  arc  the  most 
important : 

Potassium  Arsmite,  (K2HASO3).  Liquor  Potassii  Arsenitis,  U.S. P. 
— The  official  process  consists  in  boiling  10  grams  of  arsenous 
oxide  with  20  grams  of  potassium  bicarbonate  and  100  cc.  of  water 
until  a  clear  solution  is  effected,  and  then  diluting  with  sufficient  water 
and  30  cc.  of  compound  tincture  of  lavender  to  make  1000  cc.  The 
product  is  used  in  medicine  under  the  name  of  Fowler's  solution, 
Potassiiun  bicarbonate  is  employed  because  of  its  comparative  freedom 
from  silica,  other  pharmacopoeias  using  the  neutral  carbonate.  The 
reaction   is  as  follows: 

AsaOa     -f      4KHCO8       ^     2K2HASOS      i      4CO2      :      H2O. 

Only  the  alkali  arsenites  are  soluble  in  water,  hence  the  use  of  freshly 
precipitated  ferric  hydroxide  (Fe[OH].,)  as  an  antidote  in  arsenical 
poisoning,  insoluble  ferric  arsenite  being  formed  (FeAsO.,). 

When  arsenous  oxide  is  heated  with  alkali  hydroxides  in  suitable 
proportions  the  primary,  secondary  or  tertiary  salt  is  formed. 


AsaOs      !      3H11O      1 

2NaOH 

2NaHa^\s03 

2HaO 

AsaOs     +     3H2O      - 

4NaOH 

aNaaHAsOa 

i       4Ha() 

AsaOs      T      3Ha(>      : 

6NaOH 

2  NasAsOa 

i       6HaO 

Metarsenous  acid,  HAsOj,  is  not  known  free,  but  its  salts  are  known. 
Thus  when  sodium  dihydrogen  arsenite  is  heated,  one  molecule  of  water 
is  removed  and  soditmi  meta-arsenite  remains.  NaH^AsOg  =  NaAsOj  + 
H,0. 

Insoluble  Arsenites. — The  addition  of  a  soluble  calcium  salt  to  a  soluble  arsenite, 
produces  a  white  insoluble  calcium  arsenite,  Ca3(As03)a.  2Na3As03  •  jCaClg 
—  Ca8(As08)a  -♦    6NaCl.     The  addition  of  soluble  silver  salts  to  a  neutral  arsenite 

Sields  a  yellow  silver  arsenite,  AgsAsOa.  which  is  readily  soluble  in  aqua  ammonia. 
fasAsOs   t   sAgNOs  -    AgsAsOa       aNaNOa.  ^'^ 


Cupric  Arsenite,  CuHAsO,,  Scheele's  Green,  is  an  insoluble  green 
p>owder  used  as  a  pigment.  It  is  prepared  by  adding  a  solution  of  copper 
sulphate  to  sodium  arsenite,  NajHAsO^  +  CuSO,  --  CuHAsO^  +  Na^SO,. 

Paris  Green  is  a  cupric  aceto-arsenite  made  by  boiling  together  so- 
lutions of  copper  acetate  and   arsenous  oxide.     It   has   the  probfeble 


formula  CuCC^H^O,),,  jCuCAsOj)^.  -- 


«62  CHEMISTRY  OF  THE  NON-METALS. 

'>^  ARSENIC  OXIDE  AND  ARSENATES. 

Arsenic  Oxide,  AsgO^,  Arsenic  Pentoxide,  or  Arsenic  Anhydride,  is  pre- 
pared by  heating  arsenic  acid  to  low  redness.  It  forms  a  white,  ftisible, 
glassy  mass.  By  a  strong  heat  it  is  converted  into  arsenous  oxide  and 
oxygen. 

Arsenic  Acid,  HgAsO^,  or  AsO(OH)3,  Ortho-arsenic  Acid,  is  obtained 

by  boiling  arsenous  oxide  with  nitric  acid  diluted  with  J  its  voliune  of 

water.  X 

>y     AsaOs      f      2HNOS     -      2H2O     =:     2H8ASO4     ^      NaOs. 

The  solution  is  evaporated  to  a  syrupy  consistence,  when  crystals 
separate  having  the  composition  (H3As04)2.H20.  These  crystals  deli- 
quesce in  the  air,  and  give  up  their  water  of  crystallization  at  100**. 
On  heating  to  1 80°  they  lose  additional  water  and  are  converted  into  pyro- 
arsenic  acid,  H^AsjO,,  and  at  200°  a  pearly,  lustrous  mass  of  meta-arsenic 
acid,  HAsO-j,  is  formed.  When  meta-arsenic  acid  is  heated  to  redness, 
water  is  evolved,  and  a  glassy  mass  of  arsenic  pentoxide,  AsjO^,  remains. 

Arsenic  oxide  when  heated  to  a  high  temperature,  gives  off  oxygen 
and  arsenic  trioxide  remains.  Since  arsenic  acid  readily  gives  up  its 
oxygen  it  has  some  use  as  an  oxidizer  in  the  preparation  of  a  ntunber 
of  the  aniline  colors. 

The  ortho-arsenates  are  analogous  to  the  orthophosphates,  and  may 
be  prepared  in  the  same  manner.  Primary,  or  monobasic  (MeH^AsOJ, 
Secondary  or  dibasic  (Me^.HAsOJ,  and  Tertiary  or  tribasic  (McjAsO^) 
salts  are  known. 

Sodium  Arsenate,  Na2HAs04.7H,0,  or  AsO(OH)(ONa)2.7HgO.  Sodii 
Arsenas,  U.S. P. — This^^DRicial  salt,  which  is  the  secondary  sodium 
arsenate,  may  be  prepared  by '  neutralizing  arsenic  acid  with  soditun 
carbonate,  or  by  fusing  together  in  a  clay  crucible  10  parts  of  arsenous 
oxide,  8.5  parts  of  sodium  nitrate,  and  5.5  parts  of  dried  sodium  carbonate. 
The  fused  product  is  poured  while  hot  on  a  porcelain  slab,  dissolved  in 
water,  the  solution  filtered,  and  set  aside  to  crystallize.  The  reaction 
involved  is  as  follows: 

AsaOa    --    2\aN03     r     NagCOa    -r     HaO    =    2NaaHAs04    -:      NaOs    -{■     COi. 

The  crystals  should  be  kept  in  well-stoppered  bottles;  they  effloresce 
in  dry  air,  and  are  somewhat  deliquescent  in  moist  air.  Hence  to  secure 
greater  uniformity,  they  are  first  dried  and  then  heated  to  150*^,  whereby 
the  Sodii  Arsenous  Exsiccatus ,  U.S. P.,  is  produced. 

Properties. — Sodium  arsenate  occurs  in  colorless,  transparent, 
monoclinic  prisms.  It  is  soluble  in  1.2  parts  of  water  at  25°  and  ver\' 
soluble  in  boiling  water.  On  the  application  of  a  gentle  heat  the  salt 
loses  5  molecules  of  water,  amounting  to  28.8  per  cent.;  at  148®  the 
remainder  of  the  water  is  given  off,  yielding  the  anhydrous  or  exsiccated 
(U.S. P.)  salt,  which  forms  an  amorphous  white  powder  soluble  in  2.7 
parts  of  water  at  25°;  at  a  red  heat  this  is  converted  into  sodium  pyro- 
arsenate.      2Na2HAsO^  =   Na^As^O^   +    HjO. 
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The  arsenates  are  distinguished  from  the  arsenites  through  the  following  tests: 
X.  Arsenous  acid  solutions,  acidulated,  are  precipitated  at  once  by  HaS,  while 
arsenic  acid  very  slowly,  only  after  its  reduction  to  arsenous  acid : 

HsAsOi     -      HaS     =     HsAsOs     -f-     HaO     -:      S. 
aHsAsOs     -r      3  HaS     =     AsaSs     -f     6HaO. 

2.  Neutral  solutions  of  arsenous  acid  yield  a  yellow y  while  those  of  arsenic  acid 
a  brick-red  silver  salt. 

3.  Arsenous  acid  only  will  decolorize  solution  of  iodine.  HsAsOs  -}-  la  -h  HaO 
=  HsAsOi  -  2HI. 

4.  Magnesia  mixture  precipitates  only  arsenic  acid,  as  an  insoluble  double  salt, 
MgNH4As04  magnesium  ammonium  arsenate. 

Pyro-arsenic  Acid,  HiAsaOr,  or  Asa08(OH)4,  a  crystalline  mass,  is  obtained  by 
heating  ortho-arsenic  acid  to  180®.  The  salts  by  heating  the  secondary  ortho- 
arsenates: 

2H3ASO4     —     H4Asa07     -i-     HaO. 

2NaaHAs04    ^     Na4Asa07     -h     HaO. 

Meta-arsenic  Acid,  HAsOa  or  AsOa(OH),  a  crystalline  mass,  by  heating  the 
CMlliG  or  pyro-arsenic  acid  to  200®.  The  salts  by  heating  the  primary  ortho-arse- 
nates: 

H4Asa07     ---^     HaO     -f-     2HAsOs. 
NaHaAs04     ^=     HaO     -h     NaAsOs. 

ARSENIC  AND  SULPHUR. 

Arsenic  Disulphide,  AsaSa,  Realgar,  is  found  native,  crystallized  in  oblique 
rhombic  prisms. 

It  is  prepared  by  melting  together  1 5  parts  of  metallic  arsenic  and  6. 5  parts  of 
sulphur,  or  by  the  sublimation  of  4  parts  of  arsenous  oxide  and  2  parts  sulphur.^ 
The  product  occurs  in  red,  glassy  masses,  translucent  on  the  edges.    It  is  insoluble 
in  water,  but  is  readily  dissolved  by  the  alkali  sulphides. 

Realgar  is  used  as  a  coloring  in  the  manufacture  of  leather,  rubber,  and  in  the 
preparation  of  white  or  Indian  fire.  This  consists  of  24  parts  saltpetre,  2  parts 
realgar,  and  7  parts  sulphur. 

Arsenic  Trisulphide,  AsaSs,  Orpiment. — Under  the  latter  name  this  compound 
is  found  in  nature,  crystallized  in  lemon-colored,  rhombic  prisms.  It  is  prepared 
by  melting  together  6  parts  of  metallic  arsenic  and  4  parts  of  sulphur,  or  by  sub- 
liming a  mixture  of  4  parts  of  arsenous  oxide  and  3  parts  of  sulphur.  This  com- 
pound is  also  formed  when  hydrogen  sulphide  is  p)assed  into  a  solution  of  arsen- 
ous oxide  aciduated  with  hydrochloric  acid.  It  fuses  to  a  yellowish-red  liquid  when 
heated,  and  at  700®  volatilizes  without  decomposition. 

Arsenic  PentastUphide,  AsaSn,  is  obtained  by  fusing  arsenic  trisulphide  with 
the  proper  proportion  of  sulphur,  or  by  precipitating  a  dilute  solution  of  sodium 
or  ammonium  sulpharsenate  with  hydrochloric  acid,  or  by  passing  hydrogen  sul- 
phide into  a  cold  solution  of  arsenic  acid  in  presence  of  a  strong  acid,  2HsAs04  -|- 
5HaS  =  AsaSii  -^  8HaO.  It  is  a  yellow,  fusiole  mass  which  may  be  sublimed  with- 
out decomposition,  provided  air  is  excluded. 

Sidpho-saUs  of  Arsenic. — The  sulphides  of  arsenic  are  readily  soluble  in  alkali 
sulphide,  forming  thereby  salts  of  the  unknown  acids,  sulpho-arsenious  (HsAsSs) 
a,na  sulpho-arsentc  (H3ASS4)  acid.  We  may  consider  these  as  arsenous  and  arsenic 
acids  in  which  the  oxygen  has  been  replaced  by  sulphur. 

AsaSs     ■-''■     3KaS      -     2K3ASS3     Potassium  Sulpharsenite. 
AsaSs  3KaS       ~     2K3ASS4     Potassium  Sulpharsenate. 

These  salts  are  also  formed  by  passing  HaS  into  salts  of  arsenous  (3r  arsenic  acid  : 

K8ASO4      ^      4HaS     -=     K8ASS4      -     4HaO. 

The  sulpharsenites  and  sulpharsenates  are  readily  soluble  in  water  and  decom- 
posed by  acids,  arsenic  pentasulphide  precipitating: 

aK8AsS4     -f     6HC1     ^     AsaSs     -^     6KC1     -      3HaS. 
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Alkali  hydroxides  dissolve  the  sulphides,  which  are  again  precipitated  without 
evolution  of  HqS  upon  the  addition  of  acids: 

fAsaSs     +     6NaOH     -=     NasAsOs     +     NasAsSs     -f     3H«0. 
'    (NaaAsOs     +     NasAsSs     -f     6HC1     =     AsaSs     +     6NaCl     -f     3HfO. 
f  AsaSs     -h     6NaOH     -=     NasAsOaS     +     NasAsSi     +     sHaO. 

2    <  Sodium  sulphoxy-arsenite.       Sodium  sulphareenate. 

i  NasAsSi    +    NasAsOaS    +    6HC1    --■=    AsaSu     +     6NaCl     +     aHaO. 

ARSENIC  TESTS. 

The  following  tests  are  for  the  detection  of  traces  of  arsenic  present  in  inorganic 
substances.  Organic  materials  cannot  be  tested  for  the  presence  of  arsenic  without 
special  treatment  for  the  destruction  of  the  organic  matter.* 

Th«;  Marsh-BerzeliuB  Tcst.f — ^This  is  the  most  sensitive  and  conclusive  test 
known,  its  limit  of  delicacy  being  o.ooi  mgm.  of  As^s.  The  apparatus  consists 
of  a  generating  flask  a  (Fig.  102)  of  200  cc.  capacity,  in  which  are  placed  about  20 
grams  of  granulated  zinc  (U.S. P.);  the  funnel-tube,  c,  is  for  the  introduction  of 
the   arsenic-free  hydrochloric  acid  (sp.  gr.  i.io)  and  solution  to  be  tested.     The 

F'IG.  102. 


•..• 


^c 


Marsh-Berzelius  test  apparatus. 

drying  tube,  b,  contains  a  wad  of  gauze  which  has  been  dipped  in  lead  acetate 
solution  and  dried,  then  a  layer  of  cotton  followed  by  granulated  CaCla  and  finally 
another  wad  of  cotton.  The  tube  d  is  of  hard-glass,  constricted  to  a  diameter  of 
about  2.5  mm.  Close  to  this  constriction  the  tube  is  heated,  using  a  wire  gauze, 
E,  wrapped  around  the  tube  to  insure  uniform,  distribution  of  the  heat. 

The  acid  (ro  to  20  cc.)  is  run  in  through  c,  in  sufficient  quantities  to  insure  a 
steady  evolution  of  hydrogen,  which  is  noted  by  the  height  (J  inch)  of  the  round 
flame  at  f.  A  blank  experiment  is  then  made  to  insure  absence  of  arsenic,  by 
heating  the  tube  for  J  hour,  whereby  no  trace  of  a  metallic  mirror  should  be  dis- 
cernible. The  material  to  be  tested,  dissolved  in  a  little  hydrochloric  acid,  is  then 
introduced  into  the  apparatus  through  c,  washing  it  down  with  more  hydrochloric 
acid;  then  after  heating  the  tube  for  )  hour  all  of  the  arsenic,  if  present,  will  have 
been  deposited  as  a  black  metallic  mirror.  Excessive  quantities  of  arsenical 
matter  should  not  be  introduced;    by  using  dilutions  as  directed  in  the  U.S.P., 


*  See  special  books  on  Forensic  Analysis,  as  Autenrieth,  "Detection of  Poisons." 
t  Revised  by  British  Joint  Committee  of  Methods  for  the  Detection  of  Arsenic 
Jour.  Soc.  Chem.  Industry,  1902,  p.  95. 
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the  test  may  be  made  quantitative  by  comparing  the  mirrors  produced  by  o.ooi 
to  0.005  mgm.  of  AsqOs  to  those  of  the  substances  examined. 

The  zinc  must  not  contain  more  than  traces  of  iron,  for  this  latter  metal  retains 
arsenic  tenaciously. 

Chemicals  should  always  be  previously  treated  with  a  reducing  agent  (U.S. P. 
p.  522),  since  much  of  their  arsenic  is  in  the  **ic"  state  and  the  nascent  hydrogen 
of  the  test  is  not  always  sufficient  for  its  complete  reduction.  The  absence  of 
antimony  must  be  established  (see  page  271). 

The  Modified  GuUeit  Test,  U.S. P.  (page  530).— This  test,  first  suggested 
by  Meriferon  and  Bergeret,  differs  from  what  is  usually  known  as  the  **Gutzeit 
Test, "  in  that  an  alcoholic  solution  of  mercuric  chloride  is  used  for  moistening  the 
paper  test-cap  instead  of  a  solution  of  silver  nitrate,  also  in  the  use  of  a  diluted  (8%) 
hydrochloric  acid  in  place  of  diluted  sulphuric  acid.  The  limit  of  delicacy  01  tms 
test  is  about  0.002  mgm.  of  AS2O3.  The  test  may  be  carried  out  as  follows:  In  a 
flask  (60  to  75  cc.)  with  a  long  neck,  introduce  about  2  gm.  of  granulated  zinc, 
20  cc.  of   8  per  cent,  hydrochloric  acid  (free  from  arsenic)  and    5  cc.  of  water. 

In  the  lower  neck  of  the  fiask  insert  a  wad  of  clean  dry  gauze  followed  by  a  larger 
piece  which  has  been  moistened  with  lead  acetate,  T.S.  (which  serves  to  retain 
any  HaS),  and  finally  over  the  lip  of  the  flask  (which  is  wiped  clean),  a  filter  which 
has  been  moistened  with  an  alcoholic  solution  of  mercuric  chloride  and  dried,  is 
securely  folded.  The  zinc  should  dissolve  without  producing  any  stain  upon  the 
paper  test-cap.  A  fresh  charge  of  zinc  is  introduced,  followed  by  the  acid  and  then 
5  cc.  of  the  aqueous  solution  of  the  chemical  to  be  tested  (U.S. P.  p.  522).  Arsine 
gats  passing  through  the  test  paper-cap  (to  the  extent  of  from  0.002  to  0.005 
mgm.)  will  produce  a  faint  to  distinct  yellow  stain  [AsH(HgCl)2],  while  larger 
quantities  (above  0.0 1  mgm.)  produce  a  deep  orange  to  red-brown  (As[HgClb). 
Traces  of  stibine  (SbHs)  produce  no  change,  larger  quantities  a  gray  to  brown  color. 
The  spot  produced  by  both  gases  is  brown,  if  the  paper  containing  the  spot  be  cut 
out  and  immersed  in  a  watch-glass  containing  alcohol,  the  antimony  spot  dis- 
appears while  the  distinct  bright  yellow  arsenic  spot  appears.  Sulphides  (Hj^) 
produce  a  black  stain,  and  likewise  blacken  the  lead  acetate  gauze ;  in  most  instances 
the  gauze  suffices  to  retain  all  hydrogen  sulphide  given  off.  Phosphine  gas  (PHa) 
produces  an  orange  stain,  hence  *hypophospnorous  acid  and  its  salts  must  be  first 
oxidized  before  testing. 

BettendorfTs  Test,  U.S. P.  (page  521). — To  a  solution  of  the  substance  in 
5  cc.  of  pure  concentrated  hydrochloric  acid,  contained  in  a  test-tube,  5  cc.  of 
a  saturated  freshly  prepared  solution  of  stannous  chloride  in  cone,  hydrochloric 
acid  is  added.  After  heating  in  boiling  water  for  1 5  minutes,  the  tube  is  allowed 
to  stand  for  one  hour,  after  which  no  brownish  tint  or  color  should  be  discernible. 

This  test  is  based  on  the  reduction  of  the  arsenous  compound  present  to  brown 
metallic  arsenic  by  the  stannous  chloride  (SnCla).  The  reaction  being  AssOs  -f 
3SnCl2  -h  6HC1  =  Asa  4-  3SnCU  -f  3HaO,  or  AsaOo  ^  sSnCla  t  loHCl  -=  Asa  + 
sSnCU  -f  5HaO.  This  test  fails  to  give  evidence  with  less  than  o.i  mgm. 
of  AsaOs.  The  presence  of  readily  reducible  metals,  also  tellurium  and  selenium 
(which  frequently  occur  in  acids),  produce  reactions  simulating  those  of  arsenic. 
Antimony  compounds  are  not  reduced  to  the  metal. 

Reinsch'8  Test. — If  a  solution  of  arsenic  be  boiled  with  hydrochloric  acid 
(i  to  5)  and  a  strip  of  bright  copper  foil,  the  arsenic  will  be  deposited  on  the  cop- 
per as  a  gray  film.  Wash,  dry  and  heat  in  a  hard  glass  tube ;  crystals  (octahedral) 
of  arsenous  oxide  will  be  deposited  in  the  upper  and  cooler  portions  of  the  tube, 
which  may  be  readil)^  identified  by  means  of  a  lens  and  also  by  chemical  tests. 
Such  metals  as  Sb,  Bi,  Hg,  Ag,  may  likewise  be  deposited  upon  the  copper,  but 
only  the  Sb  yields  a  sublimate  which  is  amorphous  and  white,  the  Hg  sublimate 
consists  of  minute  gray  globules. 

/  ANTIMONY   (Stibium). 

Symboi,  Sb.  Atomic  Weighty  119.6.  Valence^  III,  V. 

History. — Native  antimony  sulphide  was  used  as  a  black  cosmetic  in 
prehistoric  times.  Metallic  antimony  was  extracted  and  used  for  mak- 
ing vessels  by  the  Chaldeans  (at  least  1000  B.  C).  The  initiative  step  to 
the  present  knowledge  of  the  element  was  reserved  for  Basilius  Valen- 
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tinus,  who,  about  the  middle  of  the  fifteenth  century,  prepared  and 
described  not  only  the  metal  but  also  a  number  of  its  compounds.  At 
the  same  time  he  pointed  out  the  value  of  the  metal  for  the  preparation 
of  medicines  and  of  alloys. 

In  the  early  part  of  the  present  century,  Th^nard,  Proust,  and  par- 
ticularly Berzelius,  added  to  the  positive  literature  of  this  metal.  The 
names  given  to  the  element  at  present  are  the  Chaldean  term,  stibium, 
and  the  Latin  title,  antimonium,  both  of  which  were  applied  to  the 
native  sulphide  until  the  time  of  Lavoisier. 

Occurrence.-'— The  chief  source  of  antimony  is  the  antimony  glance 
or  stibnite,  SbgSj.  It  also  occurs  as  senarmontite,  Sb^O^,  and  as  kermesiie 
(red  stibnite)  Sb20S2.  Also  in  small  amounts  in  many  nickel,  copper, 
lead,  and  silver  ores,  combined  with  sulphur.  Native  antimony  is  usually 
accompanied  by  arsenic. 

Preparation  — ^To  separate  antimoiiy  sulphide  from  the  acqompanying  minerals 
advantage  is  taken  of  the  easy  fusibility  of  the  sulphide.  Tor obtain  the  metal, 
the  purified  sulphide  is  either  fused  with  metallic  iron,  SbaSs  -\  3Fe  --  aSb  -f-  jFeS, 
or  is  roasted  to  form  the  oxide^^^baSs  -r  9O2  =  aSbgOs  -^  6SO2.  which  is  after- 
wards reduced  with  charcoal  and  sodium  carbonate,  as  follows:  2Sb9S8  —  3C  -r 
aNaaCOs  -^:  2Sb2       gCOa  -f   6Naj|S. 

The  antimony  so  obtained  may  contain  arsenic,  from  which  it  is  freed  by  fusion 
with  sodium  carbonate  and  potassium  nitrate,  sometimes  with  the  addition  of  a 
small  quantity  of  antimony  trisulphide,  and  subsec]uent  reduction  of  the  lixiviated 
mass  by  charcoal  and  sodium  carbonate.  Chemically  pure  antimony  is  usually 
iJrepared  by  the  reduction  of  the  pure  oxide,  which  is  readily  made. 

Physical  Properties. — Antimony  is  a  lustrous,  silver-white  metal, 
more  basic  than  arsenic  but  less  so  than  bismuth.  It  is  harder  than 
the  last  metal,  and  like  it  crystallizes  in  obtuse  rhombohedra,  a  mass  of 
which  exhibits  a  granular  or  a  coarsely  laminated,  f em-marked,  crys- 
talline fracture,  according  as  it  is  rapidly  or  slowly  cooled.  This 
structure  determines  the  great  brittleness  of  the  metal.  Antimony 
has  a  specific  gravity  of  6.7,  is  scarcely  tarnished  by  air,  melts  at  630®, 
volatilizes  at  a  bright  red-heat,  and  can  be  distilled  in  hydrogen  at  a 
white  heat.  When  the  fused  metal  cools,  it  expands,  hence  is  employed 
in  conjunction  with  its  alloys,  lead  and  tin,  in  making  type  and  castings. 

Chemical  Properties.— On  charcoal,  before  the  blow-pipe  it  melts 
and  evolves  white  fumes  of  trioxide,  and,  if  the  globule  of  molten  metal 
is  dropped  from  some  height,  it  scatters  in  many  small  particles,  which 
bum  with  a  very  bright  flame  to  trioxide.  At  ordinary  temperatures, 
cold  water  does  not  act  upon  the  element,  which,  however,  at  a  red- 
heat  decomposes  steam.  Hot,  but  not  cold,  hydrochloric  and  sulphuric 
acids,  as  also  cold  nitro-hydrochloric  acid,  dissolve  antimony,  the  latter 
forming  the  tri-  or  penta-chloride  according  to  its  strength. 

Nitric  acid  converts  the  metal  into  white  antimony  trioxide,  SbjOj,  or 
ortho-antimonic  acid,  HgSbO^,  according  to  concentration;  while  solu- 
tions of  the  alkali  hydroxides  produce  no  change.  Antimony  combines 
directly  with  the  halogens,  and  with  sulphur,  phosphorus,  and  arsenic. 

Uses. — From  the  metal  a  chloride,  suitable  for  the  preparation  of 
some  of  the  medicinal  compounds,  is  prepared,  but  the  largest  amount 
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of  antimony  is  used  in  the  form  of  alloys  or  of  compounds.  Along  with 
bismuth,  antimony  finds  use  in  the  construction  of  thermo-electric 
piles. 

When  antimony  is  precipitated  from  a  solution  of  the  trichloride  by  zinc, 
the  metal  is  obtained  in  a  finely  pulverulent  condition.  In  this  state  it 
is  called  antimony-black,  and  is  used  to  impart  to  the  surface  of  gypsum 
and  papier-mach^  figures  and  other  objects  the  appearance  of  iron 
or  steel. 

r 

Allo3r8. — ^These  are  useful  because  of  their  hardness  and  easy  fusibility.  Type- 
metal  usually  contains  besides  lead,  and  sometimes  small  quantities  of  tin,  about 
20  per  cent,  of  antimony.  Such  an  alloy  expands  upon  cooling  from  the  state  of 
liquefaction,  although  its  separate  component  elements  when  congealing  shrink. 

Britannia-tnetal  consists  of  approximately  nine  parts  of  tin  and  one  part  of  an- 
timony, often  with  some  addition  of  copper,  zinc,  and  bismuth.  Pewter  is  an  alloy 
of  tin  and  lead. 

ANTIMONY  AND  HYDROGEN. 

Hydrogen  Aniimonide  (Stibine),  SbHs*  is  produced  like  arsine  and  closely  resem- 
bles it  in  its  reactions.  Stibine  is  obtained  by  adding  a  solution  of  an  antimony 
compound  to  a  mixture  of  zinc  and  diluted  sulphuric  or  hydrochloric  acid  from 
which  nascent  hydrogen  is  being  evolved.  It  has  only  been  obtained  mixed  with 
hydrogen. 

Properties. — Stibine  gas  is  colorless,  has  a  disagreeable  smell  and  taste,  and 
bums  with  a  bluish-white  or  grayish  flame,  evolving  white  fumes  of  antimony 
trioxide. 

If  a  cold  porcelain  plate  is  pressed  into  the  flame,  a  sooty  deposit  of  metallic 
antimony  is  obtained.     2SbH8  --  Sb2  -f  3H2. 

Hydrogen  antimonide  is  likewise  decomposed  if  passed  through  a  red-hot  tube, 
metallic  antimony  being  deposited  close  to  the  heated  spot.  If  the  deposit  be 
heated  the  minute  particles  coalesce  to  form  microscopic  globules. 

These  metallic  spots  are  distinguished  from  those  produced  under  the  same  con- 
ditions by  arsenic  by  the  darker  color  of  the  former,  their  smoky  appearance, 
their  lesser  volatility,  their  insolubility  in  hypochlorite  solutions,  and  their  solu- 
bility in  ammonium  sulphide. 

Strong  sulphuric  acid  decomposes  the  gas,  as  do  also  alkali  hydroxide  solu- 
tions; the  latter  behavior  accounts  for  the  failure  of  antimony  to  produce  its 
hydrogen  compound  in  Fleitman's  test,  wherein  the  necessary  nascent  hydrogen 
is  evolved  from  zinc  and  potassium  hydroxide,  and  whereby  arsenic  may  be 
detected. 

When  hydrogen  antimonide  is  conducted  into  a  solution  of  silver  nitrate,  a  black 
precipitate  containing  silver  antimonide,  SbAeSf  and  some  metallic  silver  arising 
from  the  reduction  of  the  silver  salt  by  the  hydrogen  present,  is  thrown  down. 
In  the  modified  Gutzeit  test  (U.S. P.),  traces  of  stibine  produce  no  reaction, 
while  larger  quantities  give  a  gray-brown  spot  which  when  moistened  with  alcohol 
disappears. 

ANTIMONY  AND  THE  HALOGENS. 

Antimony  Trichloride,  Antimonous  Chloride,  SbClg. — Prepared  bv 
dissolving  the  oxide  or  sulphide  in  concentrated  hydrochloric  acid, 
evaporating  to  dryness,  and  distilling  : 

\  SbaSa     -r     6HC1     =     2SbCl3     -f-     3HaS, 

or  by  the  action  of  chlorine  upon. the  metal  or  its  sulphide. 


\ 
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The  trichloride  forms  a  deliquescent  crystalline  mass  known  as  butter 
of  antitnony,  which  melts  at  72°,  and  boils  at  223°.  The  solution  of  the 
chloride  (liquid  butter  of  antimony)  is  best  made  by  boiling  the  trisulphide 
with  strong  hydrochloric  acid,  and  evaporating  to  remove  water  and 
excess  of  acid.  This  solution  is  occasionally  used  in  medicine  as  a  caustic; 
but  it  is  extensively  employed  for  giving  a  bronze  surface  to  iron  and 
steel  wares,  such,  for  instance,  as  gun-barrels. 

When  the  solution  of  the  chloride  is  mixed  with  water  there  is  thrown 
down  an  amorphous,   white  precipitate  of  the  basic  or  oxy chloride. 

The  composition  of  this  product  varies  according  as  it  is  produced  by 
cold  or  hot  water;   the  former  yields  (SbOCl),  or  Sb^O^Cl^,  the  latter 

2(SbOCl).Sb203; 

:       4SbCl8     -I-     sHaO     --■=     2(SbOCl)Sba08     +     loHCl;  n    / 
4SbCl8     -f-     4H2O     =    SbiOiCU     +     8HC1; 

whereas  the  presence  of  free  hydrochloric  or  of  tartaric  acid  prevents 
the  precipitation.  The  simple  basic  chloride  (SbOCl)  is  formed  when  the 
trichloride  is  precipitated  in  alcohol.  These  compounds  were  much 
used  towards  the  end  of  the  sixteenth  century  by  a  Veronese  physician, 
Algarotus;  hence  the  name  powder  of  Algaroth,  by  which  the  dry 
substances  are  often  designated. 

Antimony  Pentachloride,  Antimonic  Chloride,  SbCl^,  results  from 
the  action  of  an  excess  of  chlorine  on  antimony  or  upon  saturation  of  the 
fused  trichloride  with  chlorine  gas.  It  is  a  colorless,  hygroscopic,  fuming, 
disagreeably  smelling  liquid,  which  solidifies  at  a  temperature  below  0°, 
and  is  decomposed  by  water.  Heat  decomposes  this  into  antimonous 
chloride  and  chlorine.  Water  in  excess  hydrolyzes  it  into  the  pyro-an- 
timonic  or  ortho-antimonic  acid. 

2SbCl6      f     yHaO     -.     HiSbaOT      f-     loHCl. 

This  compound  is  used  as  a  chlorinating  agent  in  the  preparation  of 
certain  organic  chlorides. 

Antimony  Tribromide,  SbBrs. — Colorless,  deliquescent  needles,  which  melt  at  90®, 
boil  at  275**,  and  are  changed  by  water  to  basic  bromide. 

A  pentabromide  is  not  known. 

Antimony  Tri-iodide,  Sbls»  is  a  brownish-red  crystalline  mass  obtained  by  directly 
uniting  iodine  and  antimony  with  the  aid  of  heat.    It  fuses  at  166®  and  boils  at  400  . 

Antimony  Penta-iodide ,  Sbis,  forms  a  dark  brown  solid  which  fuses  at  78**. 

Antimony  Tri fluoride,  SbFs,  obtained  by  solution  of  antimony  oxide  in  hydro- 
fluoric acid,  forms  colorless,  deliquescent  crystals,  while  the  pentafluoride,  SbPs,  is 
a  gummy  mass. 

ANTIMONY   AND  OXYGEN. 

The  oxides  and  acids  (hydroxides)  of  antimony  present  many  analogies 
to  those  of  arsenic.  Differing,  however,  in  some  respects, — for  example, 
the  antimonous  oxide  is  basic, — such  few  salts  (antimonites)  as  do  form 
are  decomposed  by  water  to  Sb^Oj.     ''rtiis  may  be  said  of  the  salts  of 
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antimony,  which  are  also  decomposed  by  water.     The  pentoxide  is  dis- 
tinctly acid  and  yields  salts  with  bases. 


Oxides.  Acids  (Hydroxides). 

Ortho-antimonous  Acid,  HjSbO,. 
Metantimonous  Acid,  HSbO^. 


Antimony  Trioxide,  SbjOj.       \ 
Antimony  Tetroxide,  Sb^O^. 


Ortho-antimonic  Acid,  HjSbO^. 
Antimony  Pentoxide,  SbjO^.     -{    Metantimonic  Acid,  HSbOg. 

Pyro-antimonic  Acid,  H^SbjO^. 

Antimony  Trioxide,  SbjO,,  or  Sb^Oe. — It  occurs  native  as  senarmontite 
in  octahedra  or  as  valentinite  in  rhombic  prisms. 


Prcparation-^Antimony  oxide  is  prepared  either  by  strong  ignition  of  the  metal 
{flowers  of  antimony)  or  in  tne  wet  way  by  diluting  a  solution  of  the  chloride  with  a 
large  excess  of  warm  water  and  after  collecting  the  precipitate  of  oxychloride,  it  is 


digested  with  a  2  per  cent,  solution  of  sodium  carbonate  until  alkaline,  then  ignited 
tiff  free  from  chlorides. 

Properties. — It  forms  a  white,  heavy,  tasteless,  crystalline  powder, 
prepared  by  the  wet  method,  in  octahedra,  and  the  dry,  rhombic  prisms. 
Thus  prepared,  antimony  oxide  is  soluble  in  hydrochloric  acid,  tartaric 
acid  and  the  acid  tartrates  (KSbOC4H406).  The  commercial  article  is 
quite  insoluble  in  acids  and  is  a  mixture  of  unknown  composition  and 
origin.  When  boiled  with  sulphur  and  alkalies  Sb20,  is  converted  into 
an  antimonite  (NaSbOj)  and  sulphantimonate  (Na3SbSj.  Towards 
acids  it  deports  itself  like  a  base  and  to  bases  like  an  acid: 

SbQOs     +     aNaOH     =     2NaSb02     +     HaO. 
,.  SbaOs     -f-     6HC1     r:^     2SbCl3     +     3H2O. 

The  trioxide  corresponds  to  the  hydroxide  Sb(0H)3,  which  is  precipi- 
tated upon  adding  dilute  sulphuric  acid  to  tartar  emetic  solution: 

KSbOC4H40e    +     HaSOi    +    aHaO      -    Sb(0H)8    +    KHSO4    +    HaC4H40e. 

On  boiling  this  trihydroxide,  it  reverts  to  the  sesquioxide:  2Sb(OH)3 
=  Sb^O,  +  3H2O.  The  salts  are  derived  from  either  antiftionous  acid, 
Sb(0H)3  [Sb^CSOJ,  or  Sb(N03)3],  or  metantimonous  acid,  SbO.OH,  in 
which  the  antimonyl  (SbO)  group  replaces  hydrogen^  as  ahtimonyl  sul- 
phate, (SbO)2S04,  or  potassium  antimonyl  tartrate  (tartar  emetic), 
KSbOC,H,0,. 

The  vapor  density  at  1560°  corresponds  to  the  formula  Sb^Og,  while 
above  this  to  SbjOj. 

Ortho^ntimonous  Acid,  HaSbOs,  Normal  Antimonous  Hydroxide,  Sb(OH)a,  sepa- 
rates as  a  white  precipitate  when  weak  sulphuric  or  nitric  acid  is  cautiously  adoed 
to  tartar  emetic  solution.  KSbOC4H40e  t  HNO3  -r-  2U2O  Sb(OH)3  -f  H2 
C4H4O6  -^-  KNO3.     When  dry  it  is  a  fine,  white  powder. 

Metantimonous  Acid,  HSbOa.  or  SbO.OH,  is  obtamed  as  a  white,  amorphous  pre- 
cipitate when  antimony  trichloride  is  decomposed  with  a  solution  of  an  alkali- 
hydroxide  or  carbonate,  in  the  former  of  which,  when  applied  in  excess,  it  redis- 
solves:  aSbCls  -f  sNatCOs  +  HaO  r=  2SbO.OH  -4  6NaCl  +  aCOa.  Hot  water 
decomposes  it  into  trioxide  :  (2SbO.OH  =  SbaOs  -f  HaO).  With  alkalies  it  acts 
the  part  of  an  acid,  although  it  saturates  acids  to  give  salts  of  antimony  containing 
the  group  antimonyl,  SbO. 
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Antimony  Tetroxidey  Sb^O^. — ^This  is  regarded  as  the  antimonate  of 
antimony  (Sb)Sb04  and  is  produced  by  the  ignition  of  the  oxide  or  nitrate 
or  sulphide  of  antimony,  at  about  800®.  It  becomes  yellow  when  heated, 
is  soluble  in  caustic  alkalies  and  hydrochloric  acid. 

Antimony  Pentoxide,  or  Anhydride,  SbgO^,  is  obtained  by  heating  anti- 
monic  acid  or  by  evaporating  the  metal,  or  trioxide,  with  nitric  acid  and 
gently  heating  the  residue.  It  is  a  yellowish,  tasteless  powder,  which  is 
soluble  in  hydrochloric  acid,  but  not  in  water.  Like  arsenic  oxide,  it 
forms  hydroxides  which  have  acid  characters.  They  are  antimonic  acid, 
HjSbO^,  pyro-antimonic  acid,  H^SbjO-,  and  metantimonic  acid,  HSbOj. 

Ortho-antimanic  Acid,  H8Sb04,  or  SbO(OH)8,  is  produced  when  antimony  penta- 
chloride  is  added  to  cold  water  (SbCU  i  4HaO  HaSbOi  -f  5HCI),  or  on  treat- 
ing antimony  repeatedly  with  aqua  regia,  washing  thoroughly  with  water  and  dr>'- 
ing:  6Sb  -f  loHNOs  f  4H2O  ^--  eHaSbO*  -i-  5N2O2.  Thus  obtained  it  is  a  gela- 
tinous precipitate  possessing  a  metallic,  astringent  taste  and  a  distinct  acid  reac- 
tion, soluble  in  caustic  alkalies  forming  antimonates. 

At  100**  it  loses  water,  and  is  changed  to  pyro-antimonic  acid  (2H8Sb04  ==  H4 
SbaO?  -r  H2O),  H4Sb207,  which  is  more  soluble  in  water  than  antimonic  acid. 
It  also  dissolves  in  ammonium  hydroxide,  forming  ammonium  pyro-ant intonate. 
(NH4)4Sb207,  which  exists  only  in  solution. 

The  Acid  Sodium  Salt,  Na2H2Sb207  -^  6H2O,  is  remarkable  as  being  the  only 
insoluble  compound  of  sodium,  and  its  formation  is  sometimes  used  as.  a  test  for 
that  element,  out  necessarily  only  in  the  absence  of  other  metals. 

Metantimonic  Acid,  HSbOs,  or  Sb02.0H,  remains  when  ortho-  or  pyro-anti- 
monic acid  is  heated  at  275®  (H4Sb207  —  2HSb08  -r  H2O),  or  when  powdered  anti- 
mony is  evaporated  with  nitric  acid  and  the  residue  washed.  It  is  a  white,  infusible 
powder,  which  is  insoluble  in  water,  but  soluble  in  tartaric  and  hydrochloric  acids. 

A  basic  lead  metantimonate  is  used  in  oil  painting,  under  the  name  of  Naples 
yellow,  and  is  produced  by  heating  a  mixture  of  one  part  of  tartar  emetic,  two 
parts  of  lead  nitrate,  and  four  parts  of  sodium  chloride  tor  two  hours  to  the  fusing 
of  the  last-named  ingredient,  and  subsequently  washing  out  the  soluble  part 
with  water. 

ANTIMONY  AND  SULPHUR. 

Antimony  Trisulphide,  Sb^jS^,  occurs  native  as  stibnite,  the  most 
important  ore  of  antimony.  Jt  usually  forms  columnar  or  striated  masses 
which  soil  the  fingers  like  graphite.  The  native  sulphide  is  purified  by 
fusion,  whereby  it  is  separated  from  the  associated  mineral  matter.  The 
product,  crude  sulphide  of  commerce,  consists  of  steel-gray  masses  of  a 
metallic  lustre  and  a  striated,  crystalline  fracture,  which  are  easily  pul- 
verized and  fused. 

This  article  is  likely  to  contain  arsenic,  which  is  almost  completely 
removed  by  macerating  the  finely-divided  substance  with  about  one-half 
its  weight  of  lo-per-cent.  ammonium  hydroxide  solution.  It  may  also 
be  obtained  as  an  orange-red  powder  by  passing  hydrogen  sulphide 
through  solutions  of  antimony  chloride  or  tartrate.  It  is  soluble  in 
alkalies  and  their  sulphides  (see  below).  When  heated  to  above  200° 
the  red  trisulphide  is  converted  into  the  gray  crystalline  variety. 

When  the  purified  native  sulphide  is  boiled  with  about  twelve  times  its  weight 
of  5-per-cent.  sodium  hydroxide  solution  for  two  hours,  sodium  dihydrogen  ortho- 
antimonite  and  sodium  sulphantimonite  are  formed. 

SbaSs      :      4NaOH  NaH2Sb03      I      NasSbSs     4      H2O. 
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If  the  solution  thus  obtained  is  strained,  and  while  still  hot  decomposed  by 
excess  of  diluted  sulphuric  acid,  an  amorphous,  reddish-brown  powder  (kermes 
mineral)  is  precipitated: 

NaHaSbOa    -r     NaaSbSs      r     aHaSOi       -     SbaSs     -f     3H2O     +     aNaaSO*. 

When  collected,  washed,  and  dried  at  a  slightly  elevated  temperature,  the  pow- 
der is  found  to  be  odorless  and  tasteless. 

Uses. — Native  crystalline  antimony  trisulphide  is  used  not  only  for 
the  preparation  of  the  other  antimony  compounds,  but  also  in  fireworks, 
such  as  the  blue  or  Bengal  lights,  and  also  for  the  preparation  of  Swedish 
matches.  The  amorphous  orange-red  variety  is  largely  used  as  a  means 
for  vulcanizing  caoutchouc,  to  which  it  imparts  a  reddish -brown  color. 

Antimony  Pentasulphide,  Sh^S^,  sometimes  called  golden  sulphuret 
of  antimony,  is  obtained  by  passing  hydrogen  sulphide  into  a  solution 
of  antimony  pentachloride  (2SbCl5  +  sH^S  ^  SbjS^  H-  loHCl)  or  by 
decomposing  sodium  sulpho-antimonate  (NagSbS^)  with  acids.  It  forms 
an  orange-red  powder,  soluble  in  alkali  sulphides,  and  decomposes  on 
heating  into  Sb^Sj  and  Sj. 

Antimony  Cinnabar  is  an  oxysulphide  Sb20S2,  found  native  as  Kermesite,  and 
is  obtained  by  the  action  of  a  solution  of  sodium  thiosulphate  upon  antimony 
trichloride.  It  is  used  in  painting.  Crocus  and  glass  of  anttmony  consist  of  vary- 
ing proportions  of  oxide  and  oxysulphide,  and  are  gotten  by  partly  roasting  the 
ore  m  air,  or  by  incomplete  oxidation  by  deflagration  with  potassium  nitrate. 

Stdpho-acids  and  SmphosaUs. — ^Analogous  to  the  sulphides  of  arsenic,  anti- 
mony forms  salts  of  the  unknown  free  acids,  namely:  Sulphantimonons  acid, 
HaSbSs,  and  Sulphantimonic  acid,  HaSbSi.  These  salts  are  prepared  analogous 
to  those  of  arsenic  (page  263). 

Sodium  SulphanttmoncUe,r^ai^hS^  -^  9H2O,  known  as  Schlippe's  Salt,  may  be 
made  by  boiling  antimony  trisulphide  with  sulphur  and  sodium  hydroxide.  It 
forms  transparent  tetrahedra.  When  its  solution  is  acidified,  antimony  penta- 
sulphide is  precipitated. 

•  TESTS  FOR  ANTIMONY. 

(i)  By  means  of  the  Marsh-Berzelius  Test  (page  264)  which  consists  in  heatine 
the  tube  through  which  stibine  (or  arsine)  gas  is  passing,  a  dull  and  nearly  black 
metallic-like  deposit  is  obtained.  This  is  insoluble  in  sodium  hypochlorite  (fresh) 
solution,  while  the  arsenic  deposit  dissolves.  If  the  tube  containing  this  deposit 
be  heated  while  passing  a  current  of  hydrogen  sulphide  through  it,  the  antimony 
deposit  changes  to  an  orange-red  (Sb2S3),  while  the  arsenic  deposit  changes  to  a 
yellow   (AsjiSs). 

(2)  Soluble  salts  of  antimony,  when  added  to  water,  give  a  white  precipitate  of 
basic  antimony  salts,  which  are  soluble  in  tartaric  acia  (different  from  oismuth 
salts). 

(3)  Aqueous  solutions  of  antimony  salts  give  an  orange-red -pTecipitsite  with  hy- 
drogen sulphide.  This  precipitate  is  soluble  in  alkali  hydroxides  or  ammonium 
sulphide. 


CHAPTER   VI. 

BORON. 

Symbol^  B.  Atomic  Weighty  10.9.  Valence^  III. 

History. — The  element  boron  was  discovered  simultaneously  in  1808 
by  Davy  in  England  and  Gay-Lussac  in  France.  It  was  known  in  com- 
bination as  borax  by  Geber  and  the  alchemists. 

Occurrence. — Boron  does  not  exist  in  the  free  state  in  nature,  but 
is  found  native  in  combination  with  oxygen  as  boric  acid,  H3BO,,  with 
sodium  as  borax  {tincal),  NajB^O^  +  loH^O,  with  calcitun  as  borocalcite, 
CaB^Oy  +  4H2O,  with  both  sodium  and  calcium  as  boronatrocalcite,  Na, 
B^Oy  -h  2CaB^07  +  iSHjO,  and  with  magnesitun  (boracite),  2Mg3BgOu 
+  MgClg.  It  is  also  found  in  smaller  quantities  in  a  number  of  other 
minerals,  in  sea  water,  and  in  the  ash  of  a  few  plants.   (See  page  338.) 

Preparation. — Boron  is  known  in  two  allotropic  modifications,  the  amor- 
phous and  crystalline. 

1.  Amorphous  Boron  is  prepared  bV  heating  boron  trioxide  with  magnesium 
to  redness,  then  heating  the  powderedf  fused  mass  with  hydrochloric  acid  and  hot 
water,  BqOs  r  sMg  --  3MgO  -I  BaVrhe  boron  thus  obtained  still  contains  some 
boron  hydride,  and  for  purification  it  is  converted  into  the  crystalline  variety 
by  fusion  with  aluminum.  Amorphous  boron  is  a  brown  powder  which  possesses 
the  power  of  occluding  gases,  like  nne  platinum. 

While  this  variety  of  boron  is  permanent  in  air  or  oxygen  at  ordinary  temper- 
atures, it  readily  oxidizes  when  heated,  and  may  even  bum,  forming  boron 
trioxide  and  small  quantities  of  boron  nitride,  BN.  When  air  is  excludea  boron 
may  be  heated  to  whiteness  without  melting;  fusion  may,  however,  be  accomplished 
by  a  strong  electric  current. 

Sulphuric,  nitric,  and  hydrochloric  acids  oxidize  boron  to  boric  acid  : 

2B     +     3HaS04      -     2H8BO3     4      3SO2, 

and  when  the  element  is  fused  with  sodium  hydroxide,  borax  is  formed.  When 
boiled  with  caustic  alkali  solutions,  it  dissolves,  with  the  formation  of  alkali  meta- 
borates ' 

2KOH     +     2B     -f-     2HaO       -     2KBO2      !      6H. 

2.  Crystalline  Boron.  This  variety  is  prepared  by  fusing  amorphous  boron  or 
boron  trioxide  with  an  excess  of  aluminum: 

BaOs      t      Ala  AlaOs     -r     Ba. 

The  boron  crystallizes  as  the  mass  cools,  and  is  separated  by  dissolving  the  alu- 
minum and  its  oxide  in  hydrochloric  acid.  This  variety  of  boron  is  in  the  form  of 
yellow  or  brownish-yellow  crystals,  having  a  specific  gravity  of  2.63. 

The  crystals  are  highly  refractive  and  very  hard,  being  next  to  the  diamond 
in  this  respect,  and  withstand  a  red  heat  without  change.  They  are  unacted  upon 
by  hydrochloric,  nitric,  or  nitrohydrochloric  acids.  When  fused  with  sodium 
hydroxide  they  are  slowly  changed  to  sodium  borate,  with  evolution  of  hydrogen. 
JBs  4-  2KOH  4  2HaO  -  2KBOa  i  jHa.  Solutions  of  the  alkalies  are  without 
action.     Boron  is  one  of  the  few  elements  which  unite  directly  with  nitrogen. 

BORON  AND  HYDROGEN. 

Boron  Hydride,  BHs,  only  known  in  impure  form    mixed   with   hydrogen,   is 
obtained  by  first  fusing  together  boron  trit)xide  and  magnesium,  whereby  an  im- 
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pure  magnesium  boride  is  formed.    The  fused  mass  is  then  treated  with  diluted 
hydrochloric  acid, 

BaMgs     -h     6HC1     ^     sMgCU     -f     2BH3. 

It  is  a  colorless  gas,  of  peculiar  odor,  which  bums  with  a  green  flame,  yielding 
boron  trioxide  and  water. 

/  BORON  AND  HALOGENS. 

Boroo  Trichloride,    BCla. — Is  prepared  by  passing  chlorine  over  heated  boron 
or  a  mixture  of  the  trioxide  and  carbon: 

W        BaOs      I      3C     -f      3Cla      -     aBCls     +     3CO. 

It  is  collected  in  a  well  cooled  receiver  and  forms  a  colorless,  fuming  liquid 
which  boils  at  17®.    It  is  decomposed  by  water,  thus: 

BCls      I      3H2O     --     HsBOs     -t      3HCI. 

Boron  Tribromide,  BBrs,  boils  at  90®  while  the  iodide  (Bis)  forms  large  hygro- 
scopic cr^tals. 

Boion  Fluoride,  BFs.  is  made  by  the  action  of  hydrofluoric  acid  on  boric  oxide, 
or  warming  a  mixtm-e  of  the  trioxide  and  calcium  fluoride  with  sulphtuic  acid. 

BaOs     T-     3CaF2     -r     3HaS04     -     3CaS04     -h     3H8O     ^     2BF8. 

It  is  a  colorless,  fuming  gas,  very  soluble  in  water,  forming  boric  and  h3rdro- 
flnoboric  acids:    4BF8  -f-  3HaO  =  HsBOs  -\-  3HBF4. 

BORON  AND  OXYGEN. 

BORON  TRIOXIDE. 

Formula^  BsOs.  Molecular  Weighty  69.44. 

Pieparation. — This  oxide  is  formed  when  boron  is  burned  in  air  or  oxygen, 
bat  it  is  usually  prepared  by  heating  boric  acid  to  redness:  2 HsBOs  =  jSaOs 
-!-  3HsO.  The  licjuid  should  be  poured  out  into  thin  layers  and,  when  cold,  broken 
into  pieces  of  suitable  size. 

PropertieB. — Boron  trioxide,  when  first  prepared,  is  a  colorless,  transpjarent, 
vitreous  solid,  becoming  opaque  when  exposed  to  air,  owing  to  absorption  of 
moisture.  Its  specific  gravity  at  4^  is  1.83.  At  a  white  heat  it  is  volatilized  and 
when  dissolved  in  water  it  forms  boric  acid. 

BORIC  ACID  (ORTHOBORIC  ACID). 
Fortnula,  HsBOs,  or  B(OH)s  Molecular  IVeight^  61.54. 

History. — This  acid  was  first  prepared  and  used  in  1702  by  Hom- 
berg,  who  obtained  it  by  treating  borax  with  a  mineral  acid.  It  was 
known  under  the  name  of  sedative  salt,  or  sal  sedaiivum  Hombergii.  In 
1774,  Hofer,  a  Florentine  apothecary,  discovered  the  acid  in  the  waters 
of  the  Tuscan  lagoons. 

Occurrence. — Boric  acid  occurs  in  the  free  state  in  nature.  In 
certain  volcanic  districts,  especially  in  Tuscany,  there  are  localities 
vbere  steam  containing  boric  acid  escapes  from  crevices  in  the  ground 
teraioi  suffoni  or  fumaroles.  This  steam  contains  in  addition  to  the 
boric  add,  ammonia,  hydrogen  sulphide,  and  carbon  dioxide. 

Prapsnitiofi. — The  vapors  escaping  from  these  fumaroles  are  conducted  into 
filled  with  water,  which    become  charged  with  boric  acid,  and  at  the 
time  the  water  is  heated  and  evaporates. 
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CHAPTER  VI. 

BORON. 

Symbol^  B.  Atomic  Weighty  10.9.  VcUence,  III. 

History. — ^The  element  boron  was  discovered  simtdtaneously  in  1808 
by  Davy  in  England  and  Gay-Lussac  in  France.  It  was  known  in  com- 
bination as  borax  by  Geber  and  the  alchemists. 

Occurrence. — Boron  does  not  exist  in  the  free  state  in  nature,  but 
is  found  native  in  combination  with  oxygen  as  boric  acid,  H3BO,,  with 
soditun  as  borax  {lineal),  Na^B^Oy  +  loHjO,  with  calciimi  as  borocalcite, 
CaBfij  +  4H2O,  with  both  sodium  and  calcium  as  boronatrocalcite ,  Na, 
B4O7  +  2CaB^07  +  iSHjO,  and  with  magnesium  (boracite),  2Mg^Bfi^^ 
+  MgCl2.  It  is  also  found  in  smaller  quantities  in  a  number  of  other 
minerals,  in  sea  water,  and  in  the  ash  of  a  few  plants.   (See  page  338.) 

Preparation. — Boron  is  known  in  two  allotropic  modifications,  the  amor- 
phous and  crystalline. 

1.  Amorphous  Boron  is  prepared  bv  heating  boron  trioxide  with  magnesium 
to  redness,  then  heating  the  powdered  fused  mass  with  hjrdrochloric  acid  and  hot 
water,  BsOs  4  3Mg  =  3MgO  1  BaVrhe  boron  thus  obtained  still  contains  some 
boron  hydride,  and  for  purification  it  is  converted  into  the  crystalline  variety 
by  fusion  with  aluminum.  Amorphous  boron  is  a  brown  powder  which  p>ossesses 
the  power  of  occluding  gases,  like  nne  platinum. 

While  this  variety  of  boron  is  permanent  in  air  or  oxygen  at  ordinary  temper- 
atures, it  readily  oxidizes  when  heated,  and  may  even  bum,  forming  boron 
trioxide  and  small  quantities  of  boron  nitride,  BN.  When  air  is  excluded  boron 
may  be  heated  to  whiteness  without  melting;  fusion  may,  however,  be  accomplished 
by  a  strong  electric  current. 

Sulphuric,  nitric,  and  hydrochloric  acids  oxidize  boron  to  boric  acid  : 

2B     +     sHaSOi     =     2H3BO3     -f      aSOa, 

and  when  the  element  is  fused  with  sodium  hydroxide,  borax  is  formed.  When 
boiled  with  caustic  alkali  solutions,  it  dissolves,  with  the  formation  of  alkali  meta- 
borates ' 

2KOH     -h     2B     -I-     2HflO  2KBOa      !      6H. 

2.  Crystalline  Boron.  This  variety  is  prepared  by  fusing  amorphous  boron  or 
boron  trioxide  with  an  excess  of  aluminum: 

BaOa      r     Ala  AlaOa     -r     Ba. 

The  boron  crystallizes  as  the  mass  cools,  and  is  separated  by  dissolving  the  alu- 
minum and  its  oxide  in  hydrochloric  acid.  This  variety  of  boron  is  in  the  form  of 
yellow  or  brownish-yellow  crystals,  having  a  specific  gravity  of  2.63. 

The  crystals  are  highly  refractive  and  very  hard,  being  next  to  the  diamond 
in  this  respect,  and  withstand  a  red  heat  without  change.  They  are  unacted  upon 
by  hydrochloric,  nitric,  or  nitrohydrochloric  acids.  When  fused  with  sodium 
hydroxide  they  are  slowly  changed  to  sodium  borate,  with  evolution  of  hydrogen. 
Ba  -  2KOH  f  2HaO  -=  2KBOa  r-  3  Ha.  Solutions  of  the  alkalies  are  without 
action.     Boron  is  one  of  the  few  elements  which  unite  directly  with  nitrogen. 

BORON  AND  HYDROGEN. 

Boron  Hydride,  BH3,  only  known  in  impure  form    mixed   with    hydrogen,    is 
obtained  by  first  fusing  together  baron  trit)xide  and  magnesium,  whereby  an  im- 
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pure  magnesium  boride  is  formed.     The  fused  mass  is  then  treated  with  diluted 
nydrochloriQ  ^cid, 

BaMgs     4-     6HC1     =     aMgCla     -f     2BH3. 

It  is  a  colorless  gas,  of  peculiar  odor,  which  bums  with  a  green  flame,  yielding 
boron  trioxide  and  water. 

BORON  AND  HALOGENS. 


/ 


Boron  Trichloride,  BCla. — Is  prepared  by  passing  chlorine  over  heated  boron 
or  a  mixture  of  the  trioxide  and  carbon : 

\J        BaOa     -f     3C     -f     3CI2     =     2BCI3     +     3CO. 

It  is  collected  in  a  well  cooled  receiver  and  forms  a  colorless,  fuming  liquid 
which  boils  at  17®.    It  is  decomposed  by  water,  thus: 

BCla      i-     3HaO     =     HaBOa     +     3HCI. 

Boron  Tribromide,  BBra,  boils  at  90®  while  the  iodide  (BI3)  forms  large  hygro- 
scopic crystals. 

Boron  Fluoride,  BFa,  is  made  by  the  action  of  hydrofluoric  acid  on  boric  oxide, 
or  warming  a  mixture  of  the  trioxide  and  calcium  fluoride  with  svdphuric  acid. 

BaOa     -h     3CaFa     -f     3HaS04     --     3CaS04     -r     3HaO     -f     2BFa. 

It  is  a  colorless,  fuming  gas,  very  soluble  in  water,  forming  boric  and  hydro- 
fluoboric  acids:    4BFa  -f  3HflO  =  HaBOa  -f-  3HBF4. 

BORON  AND  OXYGEN. 

BORON  TRIOXIDE. 

Formula^  BaOa.  Molecular  IVeighl,  69.44. 

Preparation. — This  oxide  is  formed  when  boron  is  burned  in  air  or  oxygen, 
but  it  is  usually  prepared  by  heating  boric  acid  to  redness:  2 HaBOa  =  BaOa 
-f  3HaO.  The  licjuid  should  be  poured  out  into  thin  layers  and,  when  cold,  broken 
into  pieces  of  suitable  size. 

Properties. — Boron  trioxide,  when  first  prepared,  is  a  colorless,  transparent, 
vitreous  solid,  becoming  opaque  when  exposed  to  air,  owing  to  absorption  of 
moisture.  Its  specific  gravity  at  4°  is  1.83.  At  a  white  heat  it  is  volatilized  and 
when  dissolved  in  water  it  forms  boric  acid. 

BORIC  ACID  (ORTHOBORIC  ACID). 
Formula,  HaBOa,  or  B(OH)a  Molecular  Weighty  61.54. 

History. — This  acid  was  first  prepared  and  used  in  1702  by  Rom- 
berg, who  obtained  it  by  treating  borax  with  a  mineral  acid.  It  was 
known  under  the  name  of  sedative  salt,  or  sal  sedativum  Hombergii.  In 
1774,  Hofer,  a  Florentine  apothecary,  discovered  the  acid  in  the  waters 
of  the  Tuscan  lagoons. 

Occurrence. — Boric  acid  occurs  in  the  free  state  in  nature.  In 
certain  volcanic  districts,  especially  in  Tuscany,  there  are  localities 
where  steam  containing  boric  acid  escapes  from  crevices  in  the  ground 
termed  suffoni  or  fumaroles.  This  steam  contains  in  addition  to  the 
boric  acid,  ammonia,  hydrogen  sulphide,  and  carbon  dioxide. 

Preparation. — The  vapors  escaping  from  these  fumaroles  are  conducted  into 
reservoirs  filled  with  water,  which  become  charged  with  boric  acid,  and  at  the 
same  time  the  water  is  heated  and  evaporates. 
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Commercially,  boric  acid  is  prepared  by  decomposine  borax  in  hot  concentrated 
aqueous  solution  by  means  of  sulphuric  acid:  ^^NasBtO?  -f  HiS04  4-  sHtO  — 
4H8BO8  -f-  Na9S04.  Upon  cooling,  the  boric  acid  crystallizes  on  iron  on  wooden 
rods  suspended  in  the  solution. 

Properties. — Boric  acid  (Acidum  Boricum,  U.S.P.)  consists  of 
"transparent,  colorless  scales,  of  a  somewhat  pearly  lustre,  or,  when 
in  perfect  crystals,  six-sided,  triclinic  plates,  slightly  unctuous  to  the 
touch,  oplorless,  having  a  faintly  bitterish  taste,  and  permanent  in  the 
air/*vlt  is  soluble  in  18  parts  of  water,  in  15  parts  of  alcohol,  and 
4.6  parts  of  glycerin  at  25^;  in  3  parts  of  boiling  water  and  in  4.3  parts 
of  boiling  alcohol.     The  alcoholic  solution  bums  with  a  green  flame. 

At  100°  orthoboric  acid  loaef^one  molecule  of  water  and  is  converted 
into  tnetaboric  acid,  H^BO,  =  HBOj  +  H,0.  The  latter  is  a  white 
powder,  and  is  slowly  volatilized  when  maintained  at  the  above  tem- 
perature for  a  long  time.  When  orthoboric  acid  is  kept  at  a  temperature 
of  160*'  for  some  time,  pyroboric  acid  (HjB^Oy)  is  produced,  4H3BO3  = 
H^B.G,  +  sH^O.  ^ 

It  is  a  brittle,  vitreous  mass,  and  is  also  known  under  the  name  of 
tetra  or  pyrohoric  acid,  ordinary  borax  (NajB^O^  +  10H2O)  being  a  salt 
of  this  acid. 

If  ignited,  orthoboric  acid  is  converted  into  boric  trioxide;    2H3BOJ 

=  3H2O  +  B2O3. 

Boric  acid  is  a  very  weak  acid  in  solution,  being  readily  displaced  by 
other  acids.  However,  in  the  dry  state,  owing  to  the  non-volatile  proper- 
ties of  its  anhydride,  it  displaces  most  acids  from  their  salts  through 
fusion.  Normal  salts  are  unknown  while  esters,  B(0.R)3,  are  readily 
made.  The  salts  of  metaboric  acid,  BO.ONa,  are  very  unstable,  being 
decomposed  by  carbon  dioxide  with  the  formation  of  tetra-borates: 
4NaBOj  +  CO2  =  NajB.Oy  +  NajC03. 

Borates. — These  are  all  salts  of  tetra  or  pyroboric  acid,  chief  among 
which  is  the  common  borax.  All  borates  give  the  reactions  of  boric 
acid  in  the  presence  of  mineral  acids. 

Tests. — Boric  acid  solutions  impart  a  faint  red  to  blue  litmus  paper, 
and  a  reddish-brown  to  turmeric  paper .\/ Salts  (as  borax)  when  made 
acid  with  hydrochloric  acid,  also  produce  this  color.  (Alkalies  brown 
turmeric  paper  which  is  changed  to  yellow  by  acids.)  The  vapors  of  a 
boiling  aqueous  solution  of  boric  acid  impart  to  the  flame  a  green  color 
due  to  the  volatilization  of  the  acid ;  likewise  an  ignited  (methyl)  alco- 
holic solution  of  boric  acid,  or  a  mixture  of  alcohol,  borax,  and  sulphuric 
acid  bums  with  a  green  flame. 

Boron  Trisulphide,  BqSs,  is  formed  by  passing  sulphur  vapor  over  heated 
amorphous  boron;  or  by  passing  the  vapor  of  carbon  disulphide  over  a  heated 
mixture  of  boron  trioxide  and  charcoal. 

Boron  trisulphide  is  a  yellowish-white,  friable,  vitreous  solid,  easily  decomposed 
by  water  into  hydrogen  sulphide  and  boric  acid. 

Boron  Nitride,  BN,  is  prepared  by  the  direct  union  of  amorphous  boron 
and  nitrogen  at  a  white  heat,  or  by  heating  to  redness,  in  a  platinum  crucible,  a 
mixture  of  one  part  anhydrous  borax  and  two  parts  of  dry  ammonium  chloride: 

NaaBiO?     +     4NH4CI    =     2NaCl     -f-     4BN     -f     2HCI     4-     7HtO. 
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The  fused  mass  is  washed  with  water  and  hydrochloric  acid,  to  remove  the 
salt  and  some  boric  acid  which  is  mixed  with  the  nitride. 

Boron  nitride  is  a  white,  hght,  amorphous  powder,  which  phosphoresces  in  a 
gas  flame  with  a  greenish-white  light.  It  is  decomposed  when  heated  in  a  current 
of  steam  into  bone  acid  and  ammonia:  BN  -{-  3HsO  =  HaBOs  -f  NHa. 

Boron  nitride  is  infusible  and  unchanged,  even  at  the  melting  point  of  nickel. 


CHAPTER   VII. 

THE    CARBON    GROUP. 

CARBON   AND   SILICON. 

Sytnbol,  C  Aiontic  IVetghit   11.91,  Valence^  IV. 

In  the  Periodic  System,  this  group  embraces  C,  Si,  Ge,  Sn.  and  Pb. 
Owing  to  the  marked  electro-negative  characters  of  carbon  and  silicon 
and  their  striking  analogies  to  the  preceding  elements,  they  are  sepa- 
rately considered,  while  the  others  are  classed  imder  the  *'  Tin  *'  gronp 
following  with  the  metals. 

History. — Carbon  in  the  form  of  charcoal  has  been  known  from  the  ear- 
liest times.  Graphite  was  thought  to  be  identiccd  with  molybdenite,  and 
the  diamond  was  supposed  to  be  a  kind  of  quartz  crystal.  In  1 7  79  Scheele 
pointed  out  the  difference  between  molybdenite  and  graphite,  and  con- 
cluded that  the  latter  must  be  looked  upon  as  a  kind  of  mineral  coal,  since 
by  heating  with  nitric  acid  it  was  finally  converted  into  carbon  dioxide. 

The  diamond  has  been  known  since  the  earliest  times  and  highly 
prized  because  of  its  extreme  hardness.  Splinters  fastened  in  iron  were 
used  by  the  Greeks  and  Romans  for  engraving  other  stones.  Early 
in  the  XVII  century  deBoot  and  also  Newton  assiuned  that  the  diamond 
was  combustible  because  of  its  high  refractive  properties.  This  was 
proven  by  Avarani  and  Targioni  in  1694,  yet  no  credence  was  given 
this  discovery,  for  it  was  firmly  believed  that  the  diamond  was  a  form 
of  quartz.  During  Lavoisier's  time  (1765  to  1790J,  it  was  conclusively 
demonstrated  by  various  investigators  that  the  product  of  the  com- 
bustion of  the  diamond  was  carbon  dioxide.  In  181 4  Davy  proved 
that  only  carbon  dioxide  is  produced  through  its  combustion  and  that 
the  diamond  must  therefore  consist  of  pure  carbon. 

Occurrence. — Carbon  exists  in  the  free  state  in  nature  in  three 
allotropic  modifications, — crystallized,  as  (i)  diaw^wd,  and  (2)  graphite, 
and  (3)  antorpltous  carbon. 

In  combination,  carbon  is  found  in  petroletun  and  in  natural  gas, 
in  nearly  all  vegetable  and  animal  matter,  and,  combined  with  calcium 
as  carbonate,  in  marble,  limestone,  and  chalk. 

(i)  Diamond.  Diamonds  occur  either  in  alluvial  deposits,  supposed 
to  have  resulted  from  the  decomposition  of  certain  kinds  of  micaceous 
rock,  or  else  loose  in  sand.  When  found  they  are  usually  covered  with 
an  opaque  layer.  This  surface  is  removed  and  the  gem  given  a  great 
number  of  faces  by  cutting  and  polishing.  These  faces  are  so  formed 
as  to  reflect  the  greatest  amount  of  light.  This  is  accompUshed  by  so 
arranging  the  back  planes  or  faces  that  nearly  all  the  light  strikes  them 
at  an  angle  greater  than  24°  13',  when  it  is  all  reflected.  Diamond  dust 
is  used  in  the  cutting  and  polishing. 
276  » 
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The  diamond  belongs  to  the  regular  or  isometric  system  of  crystalliza- 
tion, the  prevailing  form  being  the  octahedron.  It  has  a  specific  gravity 
of  3.5  to  3.6,  and  is  the  hardest  substance  known,  being  rated  as  lo  on 
the  scale  of  hardness.    It  is  insoluble  in  all  known  liquids. 

The  weight  of  the  diamond  is  usually  stated  in  carats,  a  carat  being 
equal  to  3.17  grains,  or  0.204  gram.  A  variety  of  black  diamond 
from  Brazil,  which  is  worthless  as  a  gem,  is  much  used  in  drilling  rocks. 
The  specific  gravity  of  the  black  variety  is  less  than  that  of  the  trans- 
parent one,  being  about  3.0. 

On  the  application  of  heat  diamonds  remain  unchanged  in  an  atmos- 
phere of  hydrogen  or  when  air  is  excluded,  even  at  a  white  heat ;  but  the 
intense  temperature  of  the  electric  current  causes  them  to  swell  to  a 
mass  of  coke  or  graphite.  At  these  temperatures  in  air  or  oxygen  com- 
bustion takes  place,  carbon  dioxide  being  formed,  and  a  small  quantity 
of  ash  remaining.  This  ash,  which  consists  of  silica  and  ferric  oxide, 
amoimts  to  from  0.05  to  0.20  per  cent. 

The  diamond  is  a  poor  conductor  of  electricity  and  heat. 

Microscopical  diamonds  were  first  made  artificially  by  Moissan  in  1893  by  en- 
closing pure  carbon  (sugar)  in  a  hollow  block  of  cast-iron  which  was  heated  m  an 
electric  furnace  and  then  suddenly  cooled.  The  molten  iron  dissolved  the  carbon 
and  through  the  sudden  chilling,  the  inner  portions  were  subjected  to  an  enormous 
pressure  which  caused  the  carbon  to  crystallize  in  the  form  of  minute  diamonds. 
These  were  removed  from  the  mass  of  iron  by  solution  in  nitric  acid. 

(2)  Graphite  {ypatpw=^I  write).  This  substance,  which  is  also  known 
as  plumbago  or  black  lead,  occurs  in  crystalline  form,  not  well  defined, 
but  frequently  approaching  hexagonal  prisms.  It  is  found  native  in 
the  oldest  rock  formations  in  Siberia  (district  Irkutsk),  Ceylon,  and 
several  localities  in  the  United  States. 

Molten  iron  will  dissolve  carbon,  which  on  cooling  separates  as  graphite.  At 
Niagara  Falls,  ^aphite  is  now  produced  on  an  extensive  scale  by  the  Acheson 
process,  which  is  based  on  the  observation  that  graphite  is  formed  by  the  decom- 
position of  silicon  or  other  carbides.  It  was  found  that  only  a  relatively  small 
amount  of  carbide-forming  material  (as  silicon),  when  intimately  mixed  with 
amorphous  carbon,  will  convert  the  latter,  through  catalytic  action,  into  graphite 
when  heated  to  an  extremely  high  temperature.  The  furnace  consists  of  a  long 
troueh  lined  with  fire-brick;  containing  large  carbon  cylinders  to  both  ends  of 
which  are  connected  the  cables  for  conveying  the  current.  The  surface  and 
spaces  of  the  trough  are  filled  with  anthracite  coal.  A  current  of  1000  H.  P. 
brings  the  mass  to  a  very  high  temperature,  so  that  the  silicon  of  the  anthracite 

r  ash  combines  with  the  carbon  to  form  silicon  carbide ;  eventually  this  is  decomposed 
and  the  silicon  is  driven  to  the  outside  as  an  incandescent  vapor  which  bums  in 
the  air,  depositing  silica  as  a  fine  white  powder.  When  the  furnace  has  cooled, 
the  graphite  is  removed,  crushed,  and  sorted.  For  commercial  purposes  they  leave 
from  I  to  10  p|er  cent,  of  impurities  in  the  graphite.  It  is  possible  to  obtain 
graphite  containing  only  3  parts  of  ash  in  10,000.  The  ash  consists  chiefly  of 
silica,  iron,  and  alumpum.- 

^/  C--  ■'  \i  V  "-'      -^  -     -^  .  '  .^        • 

.  Properties. — Graphite  occurs  in  friable  black  masses  of  metallic 
lustre.  It  feels  soft  and  greasy  between  the  fingers,  and  leaves  a  black 
mark  when  drawn  across  paper.  Its  specific  gravity  varies  from  1.84 
to  2.50.  On  the  application  of  heat  it  remains  unchanged,  when  air 
and  oxygen  are  excluded;  but  at  very  high  temperatures,  in  a  stream 


i 
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of  oxygen,  it  is  slowly  consumed,  with  more  difficulty,  however,  than 
,   the   diamond. 
.  /        The  amount  of  ash  which  remains  on  ignition  of  native  graphite  is 
^     variable,  being  from  i  to  lo  per  cent.    When  heated  with  chlorate  and 
nitric  acid,  graphite  is  oxidized  to  graphitic  acid.   By  an  alkaline  per- 
manganate solution  it  is  oxidized  to  mellitic  acid.  "^^  WC-l  -  '-^  *^    I  *-* 

Uses. — Graphite  is  used  in  the  manufactiire  of  lead  pencils,  anti- 
friction compounds,  paint,  electrodes  for  metallurgical  work,  conducting 
surfaces  in  electrotyping,  glazing  powder  grains.  When  mixed  with  fire 
clay  it  is  used  for  making  the  black-lead  or  pltmibago  crucibles.  For 
the  manufacture  of  lead  pencils  the  purified  powder  is  mixed  with  a 
fine  clay,  and  by  the  aid  of  water  made  into  a  plastic  mass.  The  mixture 
is  then  forced  through  small  holes  by  powerful  pressure,  which  gives 
the  lead  the  desired  shape.  The  long  cylinders  are  then  cut  into  the 
y       required  lengths  and  enclosed  in  wood. 

(3)  Amorphous  Carbon,  Under  t)>is  head  may  be  included  the  fol- 
lowing varieties:  (a)  Gas  carbon,  (6)  Coke,^(c)  Wood  charcoal,  (d) 
Animal  charcoal,  {e)  Lampblack. 
^<  (a)  Gas  carbon  is  found  in  the  upper  part  of  the  retorts  in  which  coal 
is  heated  in  the  preparation  of  illuminating  gas.  It  occurs  in  iron-gray 
masses  of  a  metallic  lustre,  and  possesses  considerable  hardness.  It 
varies  in  specific  gravity  from  1.75  to  2.50,  according  to  the  distance 
from  the  surface  of  the  retort.  It  is  a  good  conductor  of  electricity, 
and  is  used  for  the  carbon  plates  in  several  forms  of  batteries  and  for 
the  carbon  pencils  in  the  arc  electric  light.  The  carbon  after  grinding 
fine  is  moulded  into  desired  form  by  aid  of  pitch. 

{b)  Coke  is  a  by-product  in  the  manufacture  of  illuminating  gas. 
It  remains  in  the  retort  after  the  volatile  portions,  which  go  to  make 
gas,  have  been  driven  off  by  destructive  distillation.  Large  quantities 
of  coal  in  the  United  States  are  converted  into  coke  in  special  coking 
ovens  and  the  volatile  products  allowed  to  escape. 

Coke  occurs  in  irregular,  brittle,  porous  masses,  of  a  grayish,  some- 
what metallic  lustre.  It  does  not  bum  so  easily  as  coal,  and  requires 
a  constant  draught  of  air.  Its  combustion  is  attended  with  great  heat 
and  but  little  smoke.  It  is  extensively  used  as  the  reducing  agent  in 
metallurgical  operations.  The  composition  of  coke  is  about  91  per 
cent,  pure  carbon,  5  to  6  per  cent,  of  ash,  with  varying  proportions  of 
oxygen,   hydrogen,   and   nitrogen. 

{c)  Wood  charcoal,  usually  known  as  charcoal,  is  obtained  through 
the  car])onization  of  wood.  / 

Formerly,  this  was  altogether  accomplished  by  covering  piles  of  wood 
with  earth  and  igniting  at  suitable  openings.  By  regulating  the  access 
of  air,  slow  combustion  takes  place,  while  the  volatile  products  escape 
and  charcoal  remains. 

Large  quantities  of  charcoal  are  now  the  by-product  of  the  dry  distil- 
lation of  wood,  which  is  carried  out  in  iron  retorts.  The  volatile  products, 
consisting  of  acetic  acid,  acetone,  wood  alcohol,  oils,  and  tar;  are  collected. 
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The  yield  after  the  old  process  varies  from  17  to  20  per  cent.,  while 
from  the  dry  distillation  method,  it  varies  according  to  the  temperature, 
being  33  per  cent,  (with  65  per  cent,  carbon)  at  300^,  and  18  per  cent, 
(with  85  per  cent,  carbon)  at  1000^. 

The  most  esteemed  charcoal  for  pharmaceutical  purposes  is  that  prepared 
from  willow  twigs  or  any  soft  wood.    It  is  official  as  Carbo  Ligni,  U.S.P. 

The  best  charcoal  is  hard  and  brittle,  breaking  with  a  lustrous  fracture 
and  emitting  a  metallic  sound  when  struck.  As  ordinarily  prepared 
it  is  a  poor  conductor  of  heat  and  electricity,  but  when  prepared  at  a 
high  temperature  it  is  more  compact  and  becomes  a  better  conductor. 
Wood  charcoal  possesses  in  a  marked  degree  the  power  to  absorb  and 
condense  gases.  One  volume  will  absorb  about  90  volumes  of  ammonia, 
55  of  hydrogen  sulphide,  65  of  sulphur  dioxide,  and  35  of  carbon  dioxide. 

On  account  of  this  property  charcoal  becomes  valuable  for  absorbing 

noxious  gases  and  destroying  them.     It  also  possesses  the  power  of 

/    decolorizing  dark  liquids,  although  not  as  readily  as  the  next  variety. 

(d)  Animal  charcoal  or  bone-black  is  prepared  by  the  dry  distillation 
of  bones  in  closed  iron  retorts,  the  volatile  product  being  called  "Dippel's 
animal  oil."  The  charred  bones  are  ground  and  sifted  into  diffei"ent 
degrees  of  fineness  according  to  the  various  purposes  for  which  it  is 
intended.  Animal  charcoal  contains  about  90  per  cent,  of  inorganic 
matter  and  about  10  per  cent,  of  carbon ;  the  former  consisting  of  calcium 
and  magnesitun  phosphates  (80  per  cent.),  calcium  carbonate  (8  per 
cent.) ,  with  small  quantities  of  the  alkalies,  ferric  oxide,  and  silica.  When 
ignited,  it  leaves  about  85  per  cent,  of  ash,  which  should  completely 
dissolve  in  hot  hydrochloric  acid. 

Animal  charcoal  is  official  in  two  forms,  Carbo  Animalis,  U.S.P. , 
and  Carbo  Animalis  Purificatus,  U.S.P.  The  crude  article  is  dull- 
black,  granular  fragments  or  powder;  it  is  odorless,  tasteless,  and  insol- 
uble. The  purified  animal  charcoal  is  prepared  by  digesting  in  a  water- 
bath  for  twenty-four  hours  two  parts  of  the  crude  preparation  with 
three  parts  of  hydrochloric  acid  and  fifteen  parts  of  water,  washing, 
drying,  and  heating  to  dull  redness. 

Purified  animal  charcoal  possesses  the  power  of  absorbing  coloring 
matter  from  solution.  It  will  withdraw  the  color  from  solutions  of 
indigo  or  logwood,  and  remove  the  fusel  oil  from  alcohol.  It  absorbs 
alkaloids  and  astringent  compounds  from  their  solutions,  but  gives 
them  up  to  boiling  alcohol.  Many  of  the  domestic  filters  for  the  filtra- 
tion of  water  are  constructed  of  animal  charcoal  and  sand.  Perhaps 
the  most  extensive  application  of  animal  charcoal  is  in  the  decolorizing 
/  of  sugar,  and  in  the  purification  of  the  heavy  portions  of  petroleum, 
by  which  such  preparations  as  petrolatum  are  made. 

(e)  Lampblack.  This  variety  of  carbon  is  in  very  fine  powder.  It 
is  obtained  from  the  smoky  flame  of  many  bodies  rich  in  carbon,  as 
resins,  when  their  combustion  takes  place  without  much  access  of  air, 
and  the  products  are  condensed.  This  condensation  is  accomplished 
by   passing  the  products  through  a  series  of  chambers.     Rosin   and 
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petroleum  are  most  frequently  employed  in  the  preparation  of  lampblack, 
but  the  product  is  not  pure.  The  purification  is  effected  by  heating 
for  some  time  in  a  current  of  chlorine.  A  very  piire  lampblack  is  made 
from  the  natural  gas  of  Western  Pennsylvania  and  Ohio.  The  product 
from  this  last  source  is  very  pure  and  is  sometimes  known  under  the 
name  of  diamond  black.  Lampblack,  when  piire,  is  a  velvety  black, 
impalpable  powder.  It  should  mix  readily  with  water,  and  yield  no 
color  to  alcohol  and  ether  when  agitated  with  them,  showing  the  absence 
of  oily  impurities.  It  is  used  to  give  a  black  color  to  paints  and  inks, 
not  only  on  account  of  its  intense  black  color,  but  also  because  of  its 
indestructibiUty.      «J\  '■  ■  -     -  ;   . 

COAL.    ..tv/U^    ---^  X 

Coal  is  classified  as  a  variety  of  carbon,  although  it  contains,  besides 
that  element,  considerable  quantities  of  oxygen,  hydrogen,  nitrogen, 
mineral  matter,  and  frequently  sulphur. 

Our  present  supply  is  the  product  from  the  decomposition  of  plants 
of  a  former  age,  this  decomposition  having  taken  place  under  great 
pressures  without  access  of  air,  and  in  the  presence  of  moisture. 

Owing  to  the  differences  under  which  their  formation  took  place, 
we  have  several  different  varieties  of  coal.  They  may,  however,  be 
arranged  into  two  classes.  Anthracite  and  Bituminous  coals. 

Anthracite  is  found  in  this  country  most  abundantly  in  Pennsylvania. 
An  inferior  variety  is  found  in  Wales,  France,  Saxony,  and  Southern 
Russia.  It  contains  about  90  per  cent,  of  carbon  and  only  very  small 
quantities  of  sulphur.  It  is  hard,  with  a  conchoidal  fracture  and  an 
iron-black  color,  frequently  displaying  iridescence.  It  bums  with  but 
little  flame  and  gives  out  an  intense  heat.  The  volatile  matter  is  con- 
tained in  it  in  small  amount,  being  from  6  to  7  per  cent. 

Bituminous  coal  is  found  in  all  parts  of  the  world.  It  is  much  softer 
than  anthracite,  and  contains  from  10  to  30  per  cent,  of  volatile  matter. 
It  is  used  extensively  in  producing  coke  and  in  the  manufacture  of 
illuminating  gas,  in  which  process  it  yields  many  useful  by-products. 

Cannel  coal  is  a  variety  of  this  class  which,  on  account  of  its  large 
proportion  of  volatile  matter,  is  much  used  in  England  for  gas  making. 
The  carbon  of  bituminous  coal  varies  from  70  to  91  per  cent.,  the  sulphur 
from  0.40  to  2.25  per  cent.,  the  nitrogen  from  i.oo  to  2.50  per  cent., 
and  the  ash  from  0.75  to  20  per  cent. 

Lignite  is  a  brown  coal  of  more  recent  formation  than  the  two  pre- 
ceding varieties.  It  frequently  retains  the  structure  of  the  wood  from 
which  it  was  formed  and  contains  from  50  to  80  per  cent,  of  carbon  and 
15  to  20  per  cent,  of  moisture. 

Jet  is  a  variety  of  this  brown  coal,  so  compact  as  to  take  a  fine  polish. 

Silicon  Carbide,  or  Carborundum,  SiC,  is  made  by  heating  a  mix- 
ture of  34  per  cent,  coke,  54.2  per  cent,  sand,  9.9  per  cent,  sawdust,  and 
1.7  per  cent,  of  common  salt  in  an  electric  furnace  to  about  3500°; 
SiOj  +  30  =  SiC  +  2CO.  When  pure,  silicon  carbide  is  colorless,  the 
crystals  obtained  in   the  commercial   manufacture  are  blue,  black,  or 


CARBON  AND  HYDROGEN.  281 

brown,  with  beautiful  iridescence.  It  is  insoluble  in  ordinary  solvents 
and  is  only  attacked  by  fused  caustic  alkalies  and  their  carbonates. 
In  hardness,  carborundum  ranks  next  to  boron  carbide  and  the 
diamond;  hence  its  use  as  an  abrasive,  the  crystals  being  crushed  and 
moulded  into  the  desired  forms. 

The  Metallic  Carbides. — ^These  are  compounds  of  the  various 
metals  and  carbon  obtained  through  solution  of  carbon  in  the  fused 
metal,  or  more  usually  by  the  reduction  of  metallic  oxides  with  carbon, 
by  means  of  the  high  temperature  of  the  electric  furnace.  According  to 
their  d<$ortment.  to  water,  they  may  be  divided  into  the  following 
classes: 

1.  Those  decomposed  by  cold  water  :  the  carbides  of  lithium  (LijCj), 
potassium,  calcium,  barium  (BaC^),  strontium,  aluminum  (Al^Cj), 
manganese  (MnC),  uranium  (U2C3),  etc. 

2.  Those  not  decomposed  by  water:  chromium  (Cr^C.CrjCj),  molyb- 
denum  (MoC),  titanium,  boron,  etc. 

Aluminum  carbide  yields  methane; 

AUCs       +     i2HaO     =     3CH4     4-     4A1(0H)8. 
Uranium  carbide  yields  methane,  ethane  and  hydrogen. 

CsUra      f     8HaO     -:     CH4     +     CaHe     -f-     H4     +     a(UOa[OH]a). 

V  CARBON   AND    HYDROGEN. 

These  two  elements  unite  directly  with  each  other,  although  with 
some  difficulty  and  always  under  peculiar  conditions.  The  number 
of  such  compounds,  mostly  formed  by  indirect  means,  however,  is  very 
great.  These  compounds  of  carbon  and  hydrogen,  when  associated 
with  oxygen  and  nitrogen,  become  well-nigh  inntimerable,  and  make 
up  the  material  of  Organic  Chemistry, 

The  subject  of  organic  chemistry,  therefore,  is  confined  to  the  con- 
sideration of  the  compounds  of  carbon  and  their  derivatives,  and  the 
classification  of  these  is  based  on  several  series  of  hydrocarbons,  or 
compounds  of  carbon  and  hydrogen. 

It  will  be  sufficient  at  this  point  to  give  some  description  of  two  or 
three  compounds  of  these  two  elements  in  order  to  have  them  for  com- 
parison with  the  hydrogen  compounds  of  the  preceding  elements. 

METHANE. 

MARSH     GAS. 

'*       Formula,  Cli4  .  Molecular  Weight,  i$.gi. 

Marsh  gas  is  the  first  member  of  the  paraffine  series  of  hydrocarbong. 
It  occurs  free  in  nature  wherever  vegetable  matter  is  undergoing  de- 
composition in  the  presence  of  moisture.  This  is  always  noticeable 
where  leaves  and  other  vegetable  matter  are  under  water,  and  the 
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bubbles  which  rise  when  such  a  mass  is  disturbed  are  composed  chiefly 
of  this  gas.  It  aj^o  occurs  in  coal  seams,  giving  rise  to  the  fire-damp 
of  the  miners,  and  is  the  explosive  element  iir'mine  disasters.  The  very 
lightest  part  of  petroletmi  consists  largely  T)f  this  gas,  and  escapes  as 
soon  as  the  oil  is  relieved  of  its  pressure  on  coming  to  the  surface.  Closely 
associated  with  this  is  the  natural  gas,  which  has  marsh  gas  for  its  chief 
constituent.  Natural  gas  is  found  in  great  abundance  in  Pennsylvania, 
Ohio,  West  Virginia,  and  Indiana.  In  all  these  places  it  has  been 
successfully  used  for  heating,  and,  after  treatment,  also  for  light- 
ing. It  has  been  found  especially  valuable  in  metallurgical  opera- 
tions. 

Preparation. — Marsh  gas  may  be  prepared  by  heating  sodium  acetate  and 
hydroxide  or  barium  hydroxide  in  an  iron  or  copper  retort,  when  the  following 
reaction  takes  place: 

CHaCOONa     +     NaOH     -=     NagCOa     -r     CH4. 

In  practice  it  is  preferable  to  substitute  calcium  oxide  for  a  part  of  the  sodium 
hydroxide,  thereby  preventing  the  mixture  from  liquefying.  This  is  best  accom- 
plished by  using  sodium  acetate,  i  part,  and  soda-lime,  4  parts.  Soda-lime  is  made 
Dy  slaking  calcium  oxide  with  a  solution  of  sodium  hydroxide  of  such  strength 
that  2  parts  of  calcium  oxide  shall  be  mixed  with  i  part  of  sodium  hydroxide. 
The  mixture  is  then  dried  and  heated  in  an  iron  or  Hessian  crucible,  after  which  it 
is  preserved  in  a  tightly-closed  bottle. 

Marsh  gas  may  be  obtained  absolutely  pure  by  adding  zinc  methyl  to  water: 

Zn(CH8)fl     -     2H2O     -     Zn(OH)a     -f     2CH4. 

Another  method  of  preparation  consists  in  passing  a  mixture  of  carbon  disul- 
phide  vapor  and  hydrogen  sulphide  over  red-hot  metallic  copper: 

2H9S      f     CSa     -r     8Cu     -=     4CU8S     +     CH4. 

This  process  is  of  interest  because  of  the  fact  that  every  one  of  the  compotmds 
employed  is  strictly  inorganic  and  may  be  made  directly  from  elementary  matter, 
thus  rendering  it  possible  to  prepare  many  of  what  are  considered  organic  com- 
pounds synthetically. 

Properties. — Marsh  gas  is  colorless,  odorless,  tasteless,  and  insoluble 
in  water.  At  a  pressure  of  54.9  atmospheres  and  a  temperature  of  — 82® 
the  gas  liquefies.  This  liquid  commences  to  boil  at  — 164*'  under  ordinary 
atmospheric  pressure.  -.Marsh  gas  is  combustible,  and  when  mixed  with 
2  voliunes  of  oxygen  or  10  volumes  of  air  (fire-damp  of  the  miners) 
it  explodes  with  considerable  violence  on  ignition. 

CH4      i      20a     -=     COa     +     2HaO. 

By  the  electric  spark  the  gas  is  slowly  decomposed  into  its  constituent 
elements.  'When  a  mixture  of  i  volume  of  marsh  gas  and  2  volumes 
of  chlorine  is  exposed  to  direct  sunlight  or  the  flame  of  a  taper,  a  sudden 
reaction  takes  place,  with  the  formation  of  hydrochloric  acid,  and  the 
separation  of  carbon  as  a  black,  very  finely  divided  powder.  Marsh 
gas  is  not  considered  poisonous. 
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ETHYLENE. 
OLEFIANT   GAS. 

CHa 
Formula,  C9H4,  or  i  Molecular  Weight,  27.82. 

CHa 

This  gas  is  the  first  member  of  the  second  series  of  hydrocarbons,  known  as  the 
olefine  series,  to  which  it  has  given  the  name. 

Kreparation. — Ethylene  is  formed  in  the  destructive  distillation  of  coal,  wood, 
and  many  carbon  compounds.  It  is  one  of  the  constituents  of  illuminating  gas. 
The  gas  is  best  prepared  by  heating,  in  a  capacious  glass  flask,  a  mixture  of  i  part 
of  alcohol  with  6  parts  of  sulphuric  acid ;  when  the  gas  is  evolving  rapidly,  a  further 
quantity  of  a  mixture  of  i  part  alcohol  and  2  parts  acid  is  run  slowly  in,  so  as  not 
to  cool  the  contents  of  the  fiask  sufficiently  to  retard  the  evolution  of  the  gas.  The 
reaction  involved  may  be  expressed  as  follows  : 


CaHeO         =         CaH4  HaO. 

Alcohol.  Ethene.  Water. 

The  sulphuric  acid  simply  plays  the  part  of  a  dehydrating  agent,  and  brings 
about  the  reaction  by  its  affinity  for  the  water. 

Properties. — Ethylene  is  a  colorless  gas,  having  a  peculiar  suffocating,  ethereal 
odor.  At  a  temperature  of  10°  and  a  pressure  of  51  atmospheres  it  liquefies,  and 
boils  at  — 103°  under  ordinary  atmospheric  pressure.  It  is  soluble  in  8  parts  of 
water.  Ethylene  is  an  easily  combustible  gas,  burning  with  a  very  luminous 
flame,  and  first  decomposes  into  marsh  gas  and  free  carbon.  C8H4  —  CH4  --  C. 
It  forms  a  mixture  with  ^  volumes  of  oxygen,  which  explodes  violently  on  the 
application  of  flame.  Bemg  an  unsaturate  compound,  it  unites  directly  with 
two  atoms  of  bromine  or  chlorine  to  form  an  oily  liquid  which  is  known  as  the 
•'oil  of  the  Dutch  chemists.'*     Prom  this  the  name  of  **olefiant  gas"  is  derived. 


CHa  CI  CHaCl 

II  -h  -=1  (Ethylene  Chloride). 

Ha  CI  CHaCl 


I 


^  CH 


ACETYLENE. 


Formula,  CaHa.  or  jjl    .  Molecular  Weight,  25.82. 

Preparation. — Acetylene  is  present  in  coal  gas  and  is  formed  in  considerable 
quantities  through  its  incomplete  combustion,  e.g.,  the  "struck-back"  flame  of 
a  Bunsen  burner.  It  may  be  prepared  by  the  direct  union  of  carbon  and  hydrogen. 
This  is  accomplished  when  the  carbon  electrodes  of  a  powerful  battery  approach 
each  other  in  an  atmosphere  of  hydrogen.  When  calcium  carbide  is  brought  into 
contact  with  water,  acetylene  is  evolved  according  to  the  following  reaction : 

CaCa     -f     2HaO     =^     CaHa     -^     Ca(OH)a. 

Properties. — ^Acetylene  is  a  colorless  gas,  with  a  peculiar,  disagreeable  odor. 
It  is  condensed  to  a  liquid  at  o^  and  under  a  pressure  of  21.5  atmospheres,  boiling 
at  — 83®.  It  is  moderately  soluble  in  water.  Acetylene  is  combustible,  burning 
with  a  bright  but  smoky  flame.  It  is  extensively  employed  as  an  illuminating 
agent,  requiring,  however,  speciallv  constructed  burners.  Since  acetylene  is  an 
unsaturated  hvdrocarbon,  it  combines  readily  with  halogens  or  their  acids  to 
form  saturated  compounds.  Mixtures  of  acetylene  with. from  1}  to  20  volumes 
of  air  are  explosive,  the  mixture  of  i  in  12  being  the  most  dangerous.  See  also 
page  285. 

ILLUMINATING    GAS. 


?ft 


COAL   GAS. 


History. — Gas  was  first  used  for  illuminating  purposes  in  the  house 
of   William  Murdock,  at  Redruth,  in  Cornwall,  England.     He  distilled 
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coal  in  an  iron  retort,  and  lighted  his  house  with  the  gas  which  he  thus 
manufactured.  This  occurred  about  1792.  Gas  was  used  for  lighting 
the  streets  of  London  in  181 2,  and  those  of  Paris  in  181 5. 

Preparation. — Illuminating  gas  is  prepared  by  the  destructive  distillation  of 
bituminous  coal  or  petroleum,  although  other  substances  rich  in  carbon,  like 
rosin  or  wood,  may  oe  used.  Carburetted  water  gas,  made  by  enriching  "water 
gas"  with  volatilized  hydrocarbons  (from  naphtha),  is  now  chiefly  employed  in  our 
various  city  plants. 

Coal  Gas. — Prepared  by  the  destructive  distillation  of  bituminous  coal  is  still 
made  by  the  smaller  gas  companies  of  this  country  and  most  European  ones.  The 
process  is  accomplished  in  iron  or  fire-clay  retorts,  ten  to  twelve  feet  in  length 
and  two  or  three  feet  in  diameter.  Usually  five  of  these  retorts  are  placed  in  a 
fiunace  together.  The  temperature  employed  approaches  low  redness.  The 
products  of  this  dry  distillation  process  are  as  follows: 

1.  Coal  gas,  a  mixture  of  hydrocarbons  (see  table). 

2.  Coal  tar.  This  consists  of  a  mixture  of  light  oils  (benzol,  toluol,  aniline,  etc.) 
and  heavy  oils  (phenol,  cresols,  naphthalene,  etc.)  with  pitch. 

3.  Ammoniacal  liquor.  The  water  used  for  washing  the  gas  contains  ammonia 
and  ammonium  compounds. 

4.  Gas-carbon  ana  coke.    These  remain  in  the  retorts. 

The  volatile  products  are  first  passed  into  the  hydraulic  main,  where  the  water 
and  tar  separate.  Prom  thence  the  gas  passes  into  condensers,  in  which  more 
tarry  and  oily  liquids  are  removed.  It  then  passes  into  the  scrubbers,  which  con- 
sist of  one  or  more  columns  of  coke  over  which  a  spray  of  water  trickles;  this 
serves  to  wash  the  gas  and  remove  the  ammonia.  Next  come  the  purifiers,  in  which 
the  gas  is  brought  m  contact  with  slaked  lime : 

rCa(OH)fl     -h     HsS  CaS         +     2HaO. 

-^CaS     4      CSa     ^     CaCSa. 

lCa(OH)2     --     COa     .-     CaCOa     -\-     HaO 

FeaOa-sHflO     -j-     aHaS     ^     aFeS     -f     3S     -f     6HaO. 

or  ferric  oxide  (bog  iron  ore)  which  serves  to  remove  the  sulphur  compounds  and 
carbon  dioxide.  From  the  purifiers  the  gas  passes  into  the  gasometers  for  storage 
and  distribution. 

The  average  yield  per  ton  of  coal  is  from  ten  to  twelve  thousand  cubic  feet. 
Coal  gas  is  considerably  lighter  than  air,  its  specific  gravity  varying  from   0.65 
to  0.75. 
/       Water  Gas. — This  is  produced    when    steam  is  passed  through  incandescent 
^  carbon  : 

C      i       2HaO  2Ha     ^      CO2. 

/         C      }      COa     ---     2CO. 


■J 


It  consists  chiefly  of  hydrogen  and  carbon  monoxide,  is  non-luminous,  of  high 
heating  value,  and  poisonous  when  inhaled. 

Carburetted  Water  Gas. — This  is  the  illuminating  gas  of  our  cities  and  is 
made  by  blowing  steam  with  air  into  the  glowing  coal  of  the  generator.  The  water 
gas  thus  generated  is  then  carburetted  by  mixmg  with  the  vapors  of  petroleum 
and  passing  through  long  fire-clay  retorts  kept  at  white  heat.  This  cracks  the  oil 
vapors  into  hydrocarbons  (ethane,  ethylene,  acetylene,  etc.),  which  render  the  gas 
luminous.  For  1000  cu.  feet  of  gas,  about  50  lb  of  anthracite  coal  and  4  to  5  gal- 
lons of  naphtha  are  used. 

Oil  (Pintsch)  Gas. — ^This  is  made  by  "cracking"  petroleum  or  shale  oils  in  hot 
retorts,  in  which  the  vapors  are  heated  to  about  1000°. 

Acetylene  Gas. — This  is  used  in  many  districts  not  supplied  with  coal  gas, 
owing  to  the  readiness  with  which  small  plants  can  be  installed.  Specially  con- 
structed generators  containing  the  calcium  carbide  and  water  supply  the  gas 
automatically,  and  when  burned  in  a  special  form  of  burner  under  high  pressure, 
it  yields  a  very  brilliant  light.  The  carbide  furnishes  upward  of  5  cu.  ft.  of  acety- 
lene per  pound. 

The  value  of  gas  for  illuminating  purposes  is  determined  by  comparing  the 
light  from  a  jet  burning  five  feet  per  hour  with  the  light  from  a  sperm  candle  con- 
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Burning  one  hundred  and  twenty  grains  per  hour.     Such  a  gas  flame  should  be 
equal  to  thirteen  or  fourteen  candles.* 

CARBON    AND    OXYGEN. 

There  are  two  well-known  compounds  of  these  twp  elements: 

Carbon  Monoxide,  CO.     ^~^ 
Carbon  Dioxide,  COg.    L 

CARBON    MONOXIDE. 

Formula^  CO.  Molecular  Weighty  27.79. 

This  compound  is  formed  when  coal  bums  with  an  incomplete  supply 
of  air.  It  may  be  easily  recognized  in  the  combustion  of  anthracite 
coal  by  its  peculiar  blue  flame.  Almost  identical  with  this  formation 
of  it  is  the  one  by  passing  carbon  dioxide  over  red-hot  charcoal: 


V 


COa     ^-     C     -=     2CO. 


The  carbon  may  be  replaced  by  iron  or  zinc  and  the  same  result 
attained.  Carbon  monoxide  is  most  easily  prepared  by.  heating  oxalic 
acid  and  concentrated  sulphuric  acid  together : 

!  H2Ca04     =     COa     +     CO     -\-     HaO. 

The  sulpmiric  acid  acts  by  its  affinity  for  water,  and  so  causes  a  break- 
ing down  of  the  oxalic  acid  molecule. 

The  mixed  gases  are  passed  through  a  strong  solution  of  sodium 
hydroxide  to  absorb  the  carbon  dioxide. 

In  a  similar  manner  formic  acid,  or  a  formate,  may  be  decomposed 
by  sulphuric  acid;  in  this  case,  however,  no  carbon  dioxide  is  formed: 

HCHOa    ^     CO      •      HaO. 

An  economical  method  and  one  that  will  yield  the  gas  rapidly  con- 
sists in  heating  finely  powdered  potassium  ferrocyanide  with  eight  or 
ten  times  its  weight  of  strong  sulphuric  acid: 

K4Fe(CN)6   +  6HaS04  +  6HaO  -=  2KaS04  -j-  3(NH4)aS04  +  FeS04    -f    6C0. 

As  soon  as  the  reaction  commences  the  heat  must  be  removed  and 
the  vessel  cooled,  if  necessary,  in  order  to  prevent  too  rapid  evolution 
of  the  gas.    The  water  required  in  the  above  reaction  is  derived  from 

♦  The  average  composition  of  different  varieties  of  gas  may  be  seen  from  the 

following  :t 

Carburetted  Water 

Coal.  Water.  (Fuel). 

Candle  Power 17.5  25 

lUuminants 5  16.6 

Marsh  Gas 34.5  19.8     '  r.o 

Hydrogen       49- o  32.1  52.0    • 

Carbonic  Oxide     .....        7.2  26.1  38.0 

Nitrogen 3.2  2.4  3.0 

Carbonic  Acid i.i  3.0  6.0 

t  Thorp's  Industrial  Chemistry. 
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the  watei  of  crystallization  in  the  potassium  ferro-cyanide  and  from 
the  small  quantity  in  the  commercial  sulphuric  acid.  p^:^^^.. 

Physical  Properties. — Carbon  monoxide  is  a  colorless,  inodorous 
gas,  of  specific  gravity  0.967  (air  ^  i).  It  is  very  slightly  soluble  in  water 
and  has  no  effect  on  litmus  paper.  It  is  very  difficult  to  liquefy,  re- 
quiring a  pressure  of  36  atmospheres  and  temperature  of  — 140®.  The 
liquid  boils  at  — 190^. 

Chemical  Properties. — Carbon  monoxide  bums  with  a  peculiar  blue 
flame,  the  product  of  its  combustion  being  carbon  dioxide.  Combustion 
does  not  take  place  if  the  gas  and  air  are  very  dry. 

Because  of  the  readiness  with  which  it  is  oxidized,  carbon  monoxide 
is  a  reducing  agent,  most  metallic  oxides  being  reduced  to  their  metals 
at  red  heat.  CuO  +  CO  =  Cu  +  COj. 

Palladitun,  platinum,  and  gold  chlorides  are  reduced  from  their  solu- 
tions, thus  paper  moistened  with  the  former  (PdCl^)  is  blackened.  This 
is  a  sensitive  test  for  CO.  V:r^\    'K    ^l^-*-^    '*    "^       *  .?-^-"  J-'-'.- 

When  passed  over  finely  divided  metals  (at  25  to  30®),  this  gas  unites 
with  them  to  form  volatile  metallic  carbonyls. 

Nickel  carbonyl  (Ni[COj;)  is  a  colorless  refractive  liquid  which 
boils  at  43*^.    Iron  carbonyl  (Fe[CO]^)  boils  at  102.8°. 

Physiological  Properties. — When  inhaled,  carbon  monoxide  acts  as 
a  narcotic  poison,  producing  dizziness,  headache,  nausea,  convulsions, 
and  death.  The  presence  of  0.5  per  cent,  is  fatal  to  animals.  The  gas 
unites  with  the  haemoglobin  of  the  blood,  forming  the  undecomposable 
carboxy-haemoglobin  which  prevents  the  absorption  of  oxygen  and  causes 
suffocation.  Poisoning  by  coal  gas  is  essentially  caused  by  its  carbon 
monoxide.  The  after-  or  choke-damp  resulting  from  the  explosion  of  fire- 
damp (air  and  gaseous  hydrocarbons) ,  is  a  mixture  of  carbon  monoxide 
and  dioxide. 

CARBONYL  CHLORIDE. 

Carbonyl  chloride  (COCI2),  or  phosgene  («^wf  light,  jfirnwr-  /  produce),  is  a 
colorless,  suffocating  gas  which  is  prepared  by  the  action  of  the  sunlight  on  a 
mixture  of  carbon  monoxide,  and  chlorine,  also  by  passing  these  gases  over 
platinized  asbestos.  Water  decomposes  it  into  hydrogen  chloride  and  carbon 
dioxide :  , 

-^         COCI2     +     H2O     ^     COa     +     2HCI. 

CARBON  DIOXIDE. 

Fonnula^  CO2.  Molecular  IVeighi,  43.67. 

History. — The  presence  in  caves,  grottos,  and  springs  of  this  gaa 
and  certain  alkalies  was  observed  from  the  earliest  times.  Van  Helmont 
(1577  to  1644)  distinguished  between  air  and  '' spiritus  sylvestrts," 
which  was  evolved  through  the  action  of  acids  on  chalk  and  alkalies, 
was  given  off  from  burning  charcoal  and  during  the  process  of  fermenta- 
tion, afid  found  in  caves.  Black  (1757)  confirmed  Van  Helmont's 
assertions,  identifying  carbon  dioxide  by  its  absorption  in  lime  water, 
and  called  the  gas  "  fixed  atV."  After  the  discovery  of  oxygen,  Lavoisier 
(1781)    recognized   the    chemical  nature  of  the  gas   and  proved  the 
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presence  of  carbon  and  oxygen.     Dalton  demonstrated  its  volume  com- 
^  position.     Faraday  was  the  first  to  liquefy  it. 

Occurrence. — Carbon  dioxide  occurs  free  in  the  atmosphere  to  the 
extent  of  three  or  four  volumes  in  ten  thousand.  It  is  found  in  all 
terrestrial  waters,  some  springs  being  heavily  charged,  and  is  given  off 
in  large  quantities  from  the  earth  in  many  volcanic  districts.  It  collects 
in  caves,  mines,  and  wells,  and  is  usually  termed  choke-damp.  Liquid 
carbon  dioxide  is  frequently  found  enclosed  in  the  cavities  of  crystal- 
line minerals.  Combined  with  various  bases  as  carbonates  it  is  still 
more  abundantly  distributed.  The  principal  one  of  these  compounds 
is  calcium  carbonate,  which,  as  marble,  limestone,  and  chalk,  is  one  of 
the  most  abundant  of  minerals. 

Preparation. — Carbonates  and  bicarbonates  when  heated  yield  the  gas  accord- 
ing to  the  following: 

^       CaCOa  CaO     4      COa. 

2NaHC08     --     NaaCOa      |-     HaO      f     COa. 

When  small  quantities  are  desired    it    is    rapidly  and    conveniently  made  from 
marble  and  hydrochloric  acid  : 

CaCOa     -r     2HCI     =     CaCla      r     HaO     -f     COa. 

Carbon  dioxide  is  a  product  of  fermentation  and  decay. 

When  a  current  of  air  is  passed  over  red-hot  carbon  the  product  is  carbon  dioxide, 
provided  the  air  be  kept  in  excess.  This  and  the  method  by  heating  a  carbonate  are 
used  for  furnishing  the  gas  in  the  manufacture  of  carbonates  on  the  large  scale. 

Physical  Properties. — Carbon  dioxide  is  a  colorless,  t)dorless  gas  with 
a  weak  acid  taste.  It  is  i  .529  times  heavier  than  air,  2 1 .945  times  heavier 
than  hydrogen,  with  a  specific  gravity  of  44 ;  i  volume  of  water  dissolves  i 
volume  of  the  gas  at  ordinary  atmospheric  pressure.  This  solubility  of  the 
gas  is  increased  i  volume  for  every  increase  of  i  atmosphere  in  pressure. 

The  gas  is  more  soluble  in  alcohol  than  in  water. 

A  solution  containing  about  5  volumes  of  the  gas  in  water  consti- 
tutes the  so-called  **  soda-water. ", 

The  critical  temperature  of  carbon  dioxide  is  30.9° ;  that  is,  it  can 
only  be  liquefied  at  or  below  this  temperature  by  a  pressure  of  77  atmo- 
spheres (its  critical  pressure).  At  0°,  it  liquefies  under  35  atmosphferes 
to  a  colorless  mobile  liquid  of  a  specific  gravity  of  0.84  at  15°  and  0.923 
at  o*^.  When  liquid  carbon  dioxide  is  suddenly  released  from  pressure, 
a  part  instantly  volatilizes,  absorbing  so  much  heat  as  to  produce  an 
intense  degree  of  cold,  causing  thereby  a  portion  of  the  liquid  to  solidify 
to  snow-like  flakes.  These  fuse  at  — 65°  with  a  vapor  tension  of  3.5 
atmospheres,  hence  solid  carbon  dioxide  passes  into  vapor  without 
fusing  (see  page  62).  This  solid  carbon  dioxide,  when  vaporizing  in 
the  air  under  ordinary  pressure,  produces  a  temperature  of  — 78°  (its 
boiling  point).  When  mixed  with  ether,  alcohol,  or  acetone  a  temperature 
as  low  as — 90  is  produced,  which  may  be  still  further  reduced  to — 140° 
by  facilitating  volatilization  through  a  vacuum.  This  solid  may  be  hand- 
led with  safety,  as  it  is  always  surrounded  by  a  thin  layer  of  the  gas ;  when, 
however,  it  is  pressed  into  contact  with  the  skin  it  will  cause  a  blister. 
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Chemical  Properties. — Carbon  dioxide  is  a  very  stable  compotind 
which  is  decomposed  only  at  a  temperature  o'  1300°  or  by  the  continued 
action  of  the  electric  spark,  yielding  carbon  monoxide  and  oxygen. 
When  passed  over  heated  potassium  or  sodium,  carbon  separates,  while 
the  oxygen  unites  with  the  alkali  metal  to  form  an  oxide,  and  this  with  the 
excess  of  carbon  dioxide  to  a  carbonate.  In  dry  state  this  gas  is  neutral, 
in  aqueous  solution  it  colors  blue  litmus  a  faint  red,  which  disappears 
on  drying.    In  solution  and  in  form  of  its  salts,  it  possesses  the  formula 

HjCOjfCOv^  QTj),  decomposing  upon  liberation  into  COj  and  KJD. 

Carbon  dioxide  is  neither  combustible  nor  a  supporter  of  combustion. 
This  property  may  be  illustrated  by  lowering  a  lighted  taper  into  a  vessel 
of  it,  or,  since  it  is  heavier  than  air,  by  pouring  it  down  an  inclined  board 
on  which  are  placed  a  number  of  lighted  candles.  Under  the  name  of 
**  choke-damp**  it  sometimes  collects  in  old  wells,  and  is  detected  by 
\         lowering  a  lighted  candle,  which  will  be  extinguished  if  the  gas  is  present. 

Physiological  Properties. — Carbonic  oxide  occurs  in  ventilated 
.  rooms  in  from  5  to  6  parts  per  10,000.  Expired  air  contains  from  4  to  5 
per  cent.,  or  averages  about  0.78  cu.  ft.  per  hour,  with  a  consumption 
of  about  0.9  cu.  ft.  of  oxygen.  The  presence  of  8  per  cent,  of  carbon 
dioxide  in  the  air  of  a  room  exerts  a  poisonous  effect.  A  gas  jet  (12- 
candle)  burning  5  cu.  ft.  of  gas  per  hour,  gives  off  about  6  cu.  ft.  of  CO, 
per  hour.  In  order  that  an  adult  may  not  receive  more  than  2  cu.  ft. 
of  COo  per  10,000  cu.  ft.  of  air,  it  is  estimated  that  at  least  2000  cu.  ft.  of 
air  per  hour  should  be  furnished.  Carbonic  oxide  is  not  poisonous  in 
itself,  but  through  the  exclusion  of  oxygen  suffocation  takes  place. 
Internally,  the  gas  is  an  agreeable  mild  stimulant. 

Uses. — Carbon  dioxide  is  employed  in  the  manufacture  of  carbonates; 
its  solution  in  water  is  extensively  used  as  a  beverage;  and  it  forms  an 
important  constituent  of  the  chemical  fire  extinguishers.  Apart  from 
these,  and  on  a  much  larger  scale,  it  assists  in  the  growth  of  plant  life. 
Large  quantities  of  it  arc  exhaled  into  the  atmosphere  by  man  and 
animals;  it  is  there  decomposed  by  the  chlorophyll  of  plants,  aided  by 
sunlight;  the  carbon  resulting  from  this  decomposition  goes  to  make 
up  the  structure  of  the  plant,  while  the  oxygen  is  rejected  and  returns 
to  maintain  the  proper  proportion  of  that  element  in  the  atmosphere. 

Carbonates. — The  salts  of  carbonic  acid  are  usually  prepared  by  passing 
carbon  dioxide  into  a  solution  of  a  hydroxide  of  the  base ;  or  they  are  form- 
ed by  double  decomposition  between  a  soluble  carbonate  and  a  soluble  salt 

of  the  base : 

FeS04      •      NaaCOa     —     FeCOa      i      NaaS04. 

The  carbonates  of  the  alkalies  are  soluble  in  water,  all  others  are 
insoluble.  Being  dibasic,  this  acid  forms  acid  and  fteutral  salts,  called 
carbonates  (NajCOj)  and  acid  or  bi-carbonates  (NaHCOj).  The  various 
bases  readily  absorb  the  gas  forming  the  acid  or  neutral  salt,  thus: 

NaOH  -I-  CO2  ~  NaHCOa,  sodium  hydrogen  (bi  or  acid)  carbonate. 
2NaOH  -r    COj    -  HjO  -f  NajCOo,  sodium  carbonate  (neutral). 
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The  carbonates  of  the  alkali  earths  and  certain  metals  are  insoluble, 
but  upon  passing  carbon  dioxide  into  them  when  suspended  in  water, 
soluble  bicarbonates  result. 

Ca(OH)a     +     CO2    =     CaCOa     +     H2O. 
CaCOs     4-     HaO     +     COa    =     Ca(HC08)2  calcium  bicarbonate.       :- 

All  of  the  carbonates  except  those  of  the  alkalies  are  decomposed  by 
heat  into  oxides  and  COj,  the  bicarbonates  into  oxides,  water  and  CO^. 

CaCOa     =     CaO     +     CO2. 
aNaHCOa     =     NaaCOa     +     HaO     -f     COa. 

Both  salts  are  decomposed  by  acids  into  their  respective  salts,  water 
and  carbon  dioxide. 

Through  the  presence  of  dissolved  carbon  dioxide,  spring  waters  hold 
in  solution  considerable  quantities  of  calcium,  magnesium,  and  iron  as 
bicarbonates  which  are  redeposited  as  neutral  carbonates  upon  exposure 
or  boiUng.    FeCHCO.,)^  =  FeCOj  +  COj  +  H^G. 

Percarbonatea. — These  (like  the  persulphates)  are  formed  through  the  elec- 
trolysis of  concentrated  solutions  of  the  carbonates  at  — 1 5®.  Potassium  carbon- 
ate is  decomposed  by  the  current  into  the  ions  KCOa,  which  unite  to  form  the 
percarbonate  KaCaOe>^^his  is  a  bluish,  deliquescent  amorphous  powder,  which 
when  heated  from  200**  to  300®  rapidly  decomposes  into  carbonate  and  oxygen. 
The  aqueous  solution  of  a  percarbonate  gives  off  oxygen  at  45®,  while  the  adaition 
of  dilute  acids  causes  the  liberation  of  hydrogen  peroxide:  KaCaOe  -f  2HCI  = 
aCOa  -f-  2KCI  -h  HaOa ;  caustic  alkalies  will  do  the  same,  KaCaOe  -f-  2KOH  = 
aKaCOa  -f  HaOa.  The  percarbonates  are  therefore  active  oxidizing  and  bleaching 
agents. 

.'     COMBUSTION  AND  ILLUMINATION.  \ 

History. — Stahl  (i  660-1 734)  was  the  first  to  formulate  a  theory  of 
the  phenomenon  of  combustion  based  on  the  old  ideas  of  Basilius  Val- 
entinus,  Paracelsus  and  Becher;  that  is,  the  presence  of  a  constituent  (a 
"fire  material")  common  to  combustib  e  bodies.  Stahl. assumed  that 
all  combustible  substances,  including  metals  capable  of  calcination,  con- 
tained a  common  substance  termed  phlogisten  which  escaped  through 
combustion  or  calcination.  The  more  readily  the  substance  burned,  the 
richer  it  was  in  phlogisten,  hence  charcoal  was  regarded  as  nearly  pure 
phlogisten.  When  a  metal  was  calcined,  phlogisten  escaped  and  the 
calx  remained;  in  order  to  reproduce  (**  revive  ")  the  metal,  the  metallic 
calx  (metallic  oxide)  was  heated  with  coal  or  charcoal.  Upon  a  similar 
erroneous  assumption,  sulphur  was  considered  to  consist  of  sulphuric 
acid  and  phlogisten,  for  on  heating  sulphuric  acid  or  any  sulphate  with 
coal  (phlogisten),  sulphur  was  produced.  A  natural  sequence  to  the 
above  assumption  would  be  that  substances  become  lighter  through 
combustion,  and  although  many  experiments  demonstrated  the  reverse 
(for  example,  the  calcination  of  metals),  no  attention  was  given  such  con- 
clusive facts,  which  proof s  finally  caused  the  abandonment  of  this  doctrine. 
The  discovery  of  oxygen  by  Priestley  and  Scheele,  followed  by  the  experi- 
ments of  Lavoisier,  who  was  the  first  to  explain  the  true  nature  of  com- 
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bustion  and  reduction, — that  is,  it  was  a  combination  with  or  the  separa- 
tion from  oxygen, — caused  the  downfall  of  the  phlogistic  theory  (1786). 

1.  Chemical  Nature  of  Combustion. — All  phenomena  of  combus- 
tion are  manifestations  of  chemical  energy  accompanied  by  evolution 
of  heat,  and  in  the  common  use  of  the  term,  with  light.  In  this  same 
sense,  the  combustible  body  withdraws  oxygen  from  the  air,  which  is 
the  supporter  of  combustion,  forming  oxides  as  products  of  decomposi- 
tion. These  may  be  solids,  as  with  the  products  of  the  combustion  of 
metals;  liquids,  as  in  the  case  of  hydrogen  oxide;  or  water  or  gases,  as 
in  the  case  of  the  oxides  of  carbon. 

As  these  combustions  involve  direct  chemical  union  of  the  elements 
concerned,  it  matters  not  which  is  the  combustible  body  and  which  the 
supporter  of  combustion.  We  may  in  many  cases  easily  reverse  the 
ordinary  conditions.  Thus,  a  jet  of  hydrogen  or  illuminating  gas  will 
burn  in  an  atmosphere  of  air  or  oxygen  because  the  hydrogen  or  the 
hydrocarbons  of  the  illuminating  gas  combine  chemically  with  the 
oxygen.  For  the  same  reason,  a  jet  of  oxygen  will  bum  in  an  atmo- 
sphere of  hydrogen  or  illuminating  gas  if  such  be  arranged.  A  jet  of 
air  will  also  burn  in  the  atmosphere  of  illuminating  gas,  the  air  being 
for  the  time  called  the  combustible  body  and  the  illuminating  gas  the 
supporter  of  combustion.  The  terms  "combustible"  and  "supporter 
of  combustion"  are  therefore  merely  relative  in  their  use. 

2.  Conditions  of  Combustion. — Combustion  may  be  slow  or  rapid, 
accompanied  by  flame  or  not,  according  to  conditions.  The  appearance 
of  flame  indicates  the  presence  of  a  gas  or  vapor  which  has  been  raised 
to  a  temperature  at  which  it  becomes  luminous. 

In  order  to  bring  about  ^.ombustion,  the  substance  must  be  heated 
to  its  ignition 'temperature.  Thus  zinc  methyl,  or  hydrogen-phosphide 
ignite  when  brought   into   contact  with    the   air,   phosphorus    ignites 

at  40°,  carbon  disulphide  at  149°,  other  substances  at  red 
heat.  Combustion  continues  as  long  as  the  heat  produced 
is  sufficient  to  retain  the  temperature  of  ignition.  If.  for 
example,  a  piece  of  metallic  gauze  be  lowered  over  a  lighted 
gas  jet,  the  flame  will  not  pass  through  the  gauze,  or  if  the 
gas  be  ignited  above  the  gauze,  the  flame  will  not  communi- 
cate to  the  gas  issuing  below.  This  is  due  to  the  excellent 
conducting  power  of  the  metal,  which  lowers  the  temper- 
ature below  the  ignition-point.  Of  course,  if  the  gauze  is 
held  in  a  very  hot  flame,  it  soon  becomes  sufficiently  heat- 
ed to  cause  the  entire  gas  jet  to  ignite.  The  Davy  safety- 
lamp  is  an  application  of  this  principle. 

3.  The  Structure  of  Flame. — An  ordinary  candle  flame 
Candle  flame     ^^   gas-jet,   as  sliown  in  Fig.  103,   is  composed  of  several 
cones.     The  inner  cone,  a,  a',  consists  of  gaseous  hydrocar- 
bons not  as  yet  ignited ;  in  the  middle  cone,  e,  /,  g,  which  consists  of  the 
burning  lighter  hydrocarbons,  acetylene  is  formed  as  intermediary  pro- 
duct.    This  through  its  decomposition  with  separation  of  incandescent 
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particles  of  carbon,  emits  the  light.  In  the  outer  cone,  c,  d,  b,  where 
the  flame  comes  in  contact  with  the  atmospheric  oxygen,  complete 
combustion  of  the  liberated  carbon  is  secured.  This  part  of  the  flame 
is  therefore  the  least  luminous  as  well  as  the  hottest. 

The  fact  that  unconsumed  hydrocarbon  gases  exist  in  the  inner  cone 
of  a  gas  flame  can  be  demonstrated  by  introducing  a  small  glass  tube 
obliquely  from  one  side  and  taking  off  this  gas  to  be  burned. 

4.  Distinction  between  Luminous  and  Non-Luminous  Flames.^ 
It  was  formerly  assumed  that  the  lum  nosity  of  a  flame  was  due  solely 
to  the  presence  of  small  solid  incandescent  particles  of  carbon.  While 
this  is  true  for  the  ordinary  gas  flame,  it  docs  not  answer  all  cases ;  for 
example,  arsenic  and  antimony  bum  in  an  atmosphere  of  chlorine  with 
a  very  luminous  flame,  while  the  products  of  combustion  (their  ch  orides) 
arc  va]K)rs.  The  hydrogen  gas  flame  is  colorless,  but  under  high  pressure 
it  is  luminous.  Luminous  flames  become  much  less  so  under  reduced 
pressure.  However,  only  such 
chemical  reactions  as  are  accom- 
panied by  the  development  of 
heat  energy,  as  the  splitting  up 
of  complex  molecules  (acetylene, 
phosphorus,  arsenic),  yield  light 
energy.  If  sufficient  oxygen  or 
air  be  admitted  to  the  cone  of  a 
gas  flame,  the  hydrocarbon  gases 
will  be  consumed  without  separa- 
tion of  carbon.  This  may  be 
done  in  either  one  of  two  ways. 
— by  the  aid  of  the  blowpipe  or 
blast  lamp,  which  directs  a  cur- 
rent of  air  directly  into  the  cone 
of  the  flame,  or  by  mixing  air 
with  the  illuminating  gas  before 
it  is  burned,  as  in  the  fiunsen 
burner. 

Tk£  BuHsen  burner  (Fig.  104) 
is  of  a  specially  contrived  form 
for  securing  complete  combustion 
of  the  gas  hydrocarbons  through  "■ 
admixture  with  air.  If  the  mov- 
able ring  d,  at  the  base  of  the 
burner,  be  turned  so  as  to  close 
the    openings   for   admission    of  Biinstn  hnrm.]. 

air,    the  stream   of    gas   passing 

into  the  tube  from  b  will  burn  with  a  luminous  smoking  flame.  If  this 
ring  be  turned  so  as  to  admit  air  gradually  from  below,  the  flame  becomes 
less  luminous  and  hotter  with  the  increase  of  the  volume  of  air  admitted. 
If  the  proportions  of  air  and  gas  be  properly  regulated,  a  non-luminous 


aga 


CHEMISTRY  OF  THE  NON-METALS. 


Fig.  105. 


flame  of  high  temperature  will  be  secured.    A  burner  constmiing  6  cubic 

feet  of  gas  per  hour  may  give  a  temperature  of  from  1000  to  1200®. 

The  structure  of  the  Bunsen  flame,  which  is  the  same  as 
that  of  the  blow-pipe  or  blast-flame,  is  shown  in  Fig.  105. 
The  mixture  of  cold  air  and  gas  constitutes  the  inner  color- 
less cone  a;  the  luminous  cone  b,  which  contains  the  partially 
consumed  hydrocarbons,  constitutes  the  reducing'&axne,  so 
called  because  of  its  deficiency  in  oxygen,  while  the  outer 
edge  of  the  cone  or  main  body  of  the  flame,  with  the  tip  c, 
where  combustion  is  complete  and  the  temperature  is  the 
highest,  is  known  as  the  oxidizing  flame. 

The  Blow-pipe  is  a  hollow  tapering  brass  tube  bent  at  a 
right  angle  near  the  tip ;  a  blast  of  air  from  this  when  directed 
over  a  small  flame  (alcohol,  gas  or  candle)  produces  a  long 
pointed  exceedingly  hot  flame  similar  in  structure  to  that  of 
the  Bunsen  burner.  It  is,  however,  more  convenient  in  an- 
alysis, since  it  can  be  directed  wherever  desired,  and  its  oxi- 
dizing or  reducing  effect  upon  substances  studied.  Higher 
temperatures  may  be  produced  by  means  of  the  oxyhydrogen 
blow-pipe  (page  191),  by  the  use  of  which  about  2100°  may 

be  attained,  or  the  electric  arc,  which  will  give  a  temperature  varying 

between  3500  and  4000°. 


Bunsen  flame. 
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Fornmia^  CS2. 


Molecular  Weighty  ISSl' 


Carbon  disulphide  was  discovered  by  Lampadius  of  Freiburg  in  1 796 
while  heating  pyrites  with  charcoal.  It  is  prepared  by  passing  the 
vapors  of  sulphur  over  coke  or  charcoal  which  has  been  heated  to  a 
cherry-red  in  retorts  of  cast-iron  or  earthenware. 

Purification  consisting  in  removing  uncombined  sulphur,  hydrogen 
sulphide,  sulphur  dioxide,  etc.,  is  accomplished  by  washing  with  milk 
of  lime  and  treating  with  salts  of  lead  or  copper  and  finally  redistilling. 
The  electrical  process  consists  in  placing  carbon  electrodes  in  the  base 
of  a  stack  furnace  filled  with  coke  connected  w^ith  conductive  carbons, 
so  that  the  coke  will  be  heated  with  the  electrodes  when  the  current 
is  turned  on.  The  sulphur,  which  is  fed  in  below,  is  vaporized  and  car- 
ried up  through  the  glowing  coke.     The  reactions  involved  are  the  same. 

Physical  Properties. — Carbon  disulphide  is  a  colorless,  mobile, 
strongly-refracting  liquid,  of  specific  gravity  of  1.256  to  1.257  ^^  25°, 
which,  as  it  comes  in  commerce,  usually  has  a  fetid  odor,  due  to  various 
sulphur  impurities,  but  when  purified,  is  of  a  mild  ethereal  odor.  It 
is  soluble  in  about  526  parts  water,  mixes  in  all  proportions  with  absolute 
alcohol,  ether,  chloroform,  and  the  fixed  and  volatile  oils.  It  boils  at 
46-47°,  solidifies  at  — 116°  and  melts  at  — 113°.  The  vapor  of  carbon 
disulphide  is  very  inflammable,  taking  fire  in  the  air  at  149®;  this  may 
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be  qflfected  by  introducing  a  heated  glass-rod  into  its  vapors.  Carbon 
disulphide  is  the  best  solvent  for  sulphur,  phosphorus,  rubber,  fats, 
iodine,  etc.,  the  latter  dissolving  with  an  intense  violet  color.  Traces 
of  iodine  can  be  more  readily  detected  by  its  color  imparted  to  this 
solvent,  than  through  the  iodide  of  starch  reaction. 

Chemical  Properties. — Carbon  disulphide  bums  with  a  pale-blue 
flame  to  carbon  dioxide  and  sulphur  dioxide. 

CSa    +     3O8    =     CO2    4-     aSOa. 

A  mixture  of  its  vapors  with  oxygen  gives  rise  to  a  violent  explosion 
on  ignition.  When  mixed  with  nitrogen  dioxide,  the  vapors  bum  with 
an  intensely  brilliant  flame  rich  in  actinic  rays.  If  the  vapors  of  carbon 
disulphide  and  chlorine  are  passed  through  a  hot  tube,  sulphur  chlo- 
ride (SgClj)  and  carbon  tetrachloride  (CCl^)  are  produced.  A  similar 
reaction  results  through  the  action  of  chlorine  on  a  boiling  solution 
of  iodine  in  carbon  disulphide. 

The  vapors  of  carbon  disulphide  when  passed  over  heated  finely 
divided  metals,  convert  most  of  them  into  sulphides. 

^  CS2     +     aZn     =     2ZnS     -f     C. 

Carbon  disulphide  is  the  anhydride  of  sulpho-carbonic   acid,    HjCS, 

(CS      ). 

Uses. — Carbon  disulphide  is  used  extensively  in  the  arts  on  account 
of  its  great  solvent  action  on  oils,  fats,  resins,  rubber,  etc.  Its  vapor 
is  poisonous  to  man,  animals  and  insect  life.  As  a  germicide  and  insecti- 
cide it  is  used  for  destroying  weevils  in  wheat,  the  grape  pest  or  phyl- 
loxera. For  the  latter  purpose  it  is  usually  converted  into  the  sulpho- 
carbonate  of  sodium.  This  salt  is  also  useful  in  destroying  mice,  rats, 
gophers  and  other  subterranean  animals  which  damage  crops. 

Carbon  disulphide  is  employed  in  the  manufacture  of  carbon  tetra- 
chloride, thiocyanates,  rubber  cements,  'and  for  filling  glass  refracting 
prisms. 

Detection. — Carbon  disulphide  is  detected  by  mixing  a  small  quan- 
tity of  the  liquid  with  alcoholic  ammonia,  and  evaporating  on  a  water- 
bath,  when  ammonitun  stdphocyanate  is  formed: 


CS,        + 

4NH8     = 

NH4SCN 

+ 

(NH4)aS. 

Carbon 

Ammonia. 

Ammonium 

Ammonium 

Disulphide. 

Sulphocyanate. 

Sulphide. 

On  acidifying  the  residue  with  hydrochloric  acid,  and  adding  ferric 
chloride  solution,  the  red  color  of  ferric  sulphocyanate  is  developed. 

Snlphocarbonic  or  Thiocarbonic  Acid,  HaCSs. — These  salts  may  be  prepared 
either  through  the  union  of  carbon  disulphide  and  alkali  sulphides  :  Na^  -f  CSg 
=  NasCSa;  or  by  the  action  of  carbon  disulphide  on  alkali  hydroxides: 

6NaOH     -f     sCSa    =     aNanCSa      }      NanCOa      |      sHgO. 
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On  adding  hydrochloric  acid  to  solutions  of  these  salts  the  free  acid  (HsCSa) 
separates  as  a  yellowisH-brown  heavy  oil,  which  readily  decomposes  into  hydro- 
gen sulphide  and  carbon  disulphide  :  HsCSs  --  H^  -r  CSa.  The  thiocarbonates 
of  the  alkalies  and  earths  are  soluble  in  water  and  are  chiefly  used  for  the  destruc- 
tion of  phylloxera.  Their  action  depends  on  the  carbon  disulphide  which  is  lib- 
erated. 

On  adding  an  acid  to  solutions  of  these  salts,  the  sulpho-carbonic  acid  sepa- 
rates as  a  reddish-brown  oil  which  readily  decomposes  mto  hydrogen  sulphide 
and  carbon  disulphide. 

Carbonyl  Sulphide,  COS. — It  may  be  obtained  by  the  direct  union  of  carbon 
monoxide  and  sulphur  vapor,  when  passed  through  a  red-hot  tube;  but  it  is  more 
easily  made  by  acting  on  potassium  sulphocyanate  with  sulphuric  acid: 

KCNS      4-      2HaS04      -f      HaO     =     NH4HSO4     -f      KHSO4      4       COS. 

Potassium  Sulphuric  Water.  Acid  Ammo-  Acid  Potas-  Carbonvl 

Sulphocyanate,  Acid.  nium  Sulphate.  slum  Sulphate.  Sulphide. 

It  is  a  colorless  gas,  with  a  disagreeable,  sulphuretted  odor,  very  inflammable, 
burning  with  a  bright  blue  flame.  It  is  soluble  in  an  equal  volume  of  water, 
which  solution  gradually  decomposes  into  carbon  dioxide  and  hydrogen  sulphide: 
COS  r  H2O  -  CO2  -f   HaS. 

SILICON. 

Symbol ^  Si.  Atomic  Weighty  28.2.  Valence^  IV. 

History. — Amorphous  silicon  was  first  isolated  by  Berzelius  in  1823 
by  fusing  together  iron,  carbon,  and  silica.  The  crystallized  variety 
was  prepared  by  Devillc  in  1854. 

Occurrence. — Next  to  oxygen,  silicon  is  the  most  abundant  element 
known.  It  is  not  found  in  the  free  state,  but  in  combination  with  oxygen 
in  quartz  as  silicon  dioxide  (SiO.^)  it  is  widely  distributed.  It  is,  further, 
the  chief  constituent  of  nearly  all  rocks,  and  consequently,  also,  of  the 
soils  which  have  resulted  from  the  decomposition  of  rocks.  It  is  also 
found  in  the  ashes  of  many  plants,  having  assisted  to  make  up  their 
mineral  structure.  Silicon  exists  in  two  allotropic  conditions,  the 
amorphous  and  the  crystalline. 

Preparation. — Amorphous  silicon  is  best  prepared  by  mixing  equal  parts  of 
powdered  and  well-dried  white  sand  (SiOa)  and  magnesium.  This  mixture  is  placed 
in  a  test-tulje  and  heated  with  a  Bunsen  flame.  The  reaction  soon  begins  with  a 
glowing  which  rapidly  extends  throughout  the  entire  mass  :  SiOa  •  2Mg  --  Si  r  ^ 
2MgO.  The  cooled,  hardened  product  is  powdered  and  washed  with  dilute  hvdro- 
chloric  acid  to  remove  the  magnesium  oxide.  The  product  is  an  amorphous, 
brown  powder,  which,  when  heated  in  the  air  ignites  and  burns  with  the  formation 
of  the  dioxide,  SiOg. 

Silicon  is  insoluble  in  water  and  acids,  except  hydrofluoric,  which  dissolves 
it  readily. 

The  crystalline  variety  is^prepared  by  fusing  sodium  silico-fluoride  with  alum- 
inum or  zinc  and  sodium:  NaaSiFe  ^  4Na  6NaF  -h  Si.  The  liberated  silicon 
dissolves  in  the  fused  metal  and  on  cooling  crystallizes.  The  crystals  are  separated 
from  the  mass  by  treating  successively  with  hydrochloric,  boiling  nitric,  and  hydro- 
fluoric acids.  Crystallized  silicon  is  also  prepared  in  an  electric  resistance  furnace 
from  pure  silica  sand  and  finely  pulverized  foundry  coke. 

SiOfi      j      2C     -^     Si      ■{■     2CO. 

Properties. — The  silicon  of  the  silico-fluoride  process  is  in  the  form 
of  dark,  lustrous,  octahedral  crystals,  with  a  specific  gravity  of  2.49, 
and  a  degree  of  hardness  sufficient  to  scratch  glass.  They  withstand 
a  white  heat  without  igniting,  and  resist  the  action  of  all  acids,  except 
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a  mixture  of  hydrofluoric  and  nitric,  which,  when  hot,  dissolves  them 
slowly.  Hot  concentrated  solution  of  sodium  hydroxide  dissolves  silicon 
with  formation  of  sodium  silicate  and  evolution  of  hydrogen. 

Si     +     4NaOH     ^     Na4Si04     -h     2H2. 

The  silicon  obtained  in  the  electric  furnace  is  in  crystalline  masses 
or  ingots  of  a  dark  silver  lustre.  It  is  quite  brittle,  of  specific  gravity 
2.34  and  melts  at  1.43*^0.  In  hardness,  it  is  between  six  and  seven  of 
the  scale.  Metallic  silicon  is  a  reducing  agent  of  great  power  and  is 
used  in  the  metallurgy  of  steel. 

Silicon  Hydride,  SiH4,  is  prepared  like  arsine  or  stibine  by  treating  magnesium 
silicide  with  hydrochloric  acid: 

MgaSi     -f     4HCI     r-.     2MgCl2     +     SiH4. 

The  magnesium  silicide  is  prepared  by  fusing  together  40  parts  of  anhydrous 
magnesium  chloride,  35  parts  01  dried  sodium  silicofluoride,  10  parts  of  fused 
sodium  chloride,  and  20  parts  of  sodium. 

Silicon  hydride  is  a  colorless  gas,  which  may  be  collected  over  water  or  mer- 
cury. When  pure,  the  gas  does  not  inflame  spontaneously,  but  when  mixed  with 
traces  of  silico-ethane  (SigHe),  present  as  impurity,  it  ignites,  a  phenomenon  analo- 
gous to  phosphine.  In  burning  it  evolves  dense  fumes  of  silicon  dioxide,  Si02, 
with  formation  of  water.  When  mixed  with  chlorine,  it  inflames,  forming^  chlorine 
derivatives. 

Silicon  Tetrachloride,  SiCU,  is  usually  prepared  by  passing  a  current  of 
chlorine  over  an  ignited  mixture  of  silicon  dioxide  and  carl>on  contained  in  a  por- 
celain tube  heated  to  redness,  the  product  being  condensed  in  a  receiver  cooled 
with  ice  * 

vV  SiOa     4-     2C     -^     2CI2     =    SiCU     -f     2CO. 

Silicon  tetrachloride  is  a  colorless,  fuming  liquid,  having  the  specific  gravity 
at  0°,  of  1.52,  and  boiling  at  59.5®.  It  is  decomposed  by  water  into  hydrochloric 
and  silicic  acids: 

SiCU     -T     4H2O     =     H4Si04     ■\-     4HCI. 

Silicon  Hexachloride  (Trichloride),  SigCle.  is  formed  in  small  quantity  when 
the  vapor  of  silicon  tetrachloride  is  passed  over  fused  silicon.  It  is  a  colorless, 
fimiing  liquid,  which  sohd^es  at  — 1°,  and  boils  at  146®. 

Silicon  Chloroform.  SiHCls*  which  corresponds  to  chloroform  (CHCla),  is  pro- 
duced when  silicon  is  heated  to  redness  in  a  stream  of  dry  hydrochloric  acid  gas : 


vA  Si     +     3HCI     =    SiHCla     -r     H2. 


It  is  a  colorless,  inflammable  liquid,  which  boils  at  35-37**,  bums  with  a  green- 
ish flame  and  decomposes  with  water  into  silicic  and  hydrochloric  acids. 

Silicon  Bromoform,  SiHBra,  and  Silicon  Iodoform,  SiHIs,  have  also  been 
prepared. 

Silicon  Tetrabromide,  Si6r4,  and  Tetraiodide,  SiU,  are  prepared  in  the  same 
manner  as  the  chloride.  The  bromide  is  a  colorless  liquid  of  gravity  2.8  and 
boils  at  153**.  The  iodide  forms  colorless  octahedra  which  fuse  at  120®  and  boil  at 
290®.    Both  are  decomposed  by  water,  like  the  chloride. 

Silicon  Hexabromide,  Si2Bre,  and  Hexaiodide,  Si2lo.  are  prepared  like  the 
hexachloride.  The  former  is  a  crystalline  solid  which  boils  at  240®,  while  the  latter 
boils  at  250®  in  vacuo. 

Silicon  Tetrafluoride,  SiF4,  is  prepared  by  heating  silicon  dioxide  with  fluor* 
•par  and  sulphuric  acid  : 


\ 


SiOa    -f     aCaPa     +     2HaS04     =     SiF4     +     2CaS04      f-     2H2O. 


Silicon  tetrafluoride  is  a  colorless,  very  pungent  gas,  which,  under  a  pressure  of 
nine  atmospheres  and  a  temperature  of  — 105.5^,  condenses  to  a  liquid  and  at 
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still  lower  temperatures  solidifies.    It  is  decomposed  by  water  into  silicic  and  hy- 
drofluosilicic  acids: 


>fl^8ili< 


3SiF4     4-     4H2O    =    H4Si04    +     aHaSiFo. 

Hydrofl^silicic  Add,  HsSiFe,  is  formed  when  the  vapor  of  silicon  tetra- 
fluoride  is  led  into  water.  The  gelantinous  silicic  acid,  which  separates  at  the  same 
time,  would  quickly  stop  the  tube,  if  it  were  not  prevented  by  keeping  the  latter 
under  mercury,  on  the  surface  of  which  is  placed  the  water.  Each  bubble  of  escap- 
ing gas  forms  a  mass  of  silicic  acid  as  it  enters  the  water  from  the  mercury.  The 
hydrofluosilicic  acid  is  obtained  in  aqueous  solution,  which  fumes  in  contact  with 
the  air,  and  is  decomposed  by  boiling  into  silicon  tetrafluoride  and  hydrofluoric 
acid.  It  is  useful  as  a  laboratory  reagent,  since  it  forms  a  number  of  insoluble 
salts  termed  hydrofluosilicates,  among  which  are  those  of  potassitim,  lithiimi, 
and   barium. 

suicides. — These  are  compounds  of  silicon  with  the  metals,  produced  through 
the  heat  of  the  electric  furnace.    Among  these  are  NiaSi,  CuaSi,  etc. 

SILICON    DIOXIDE. 

SILICA. 

Formula^  SiOs.  Molecular  Weighl,  59.96. 

This  compound  of  silicon  is  the  most  abundant  of  all  those  in  which 
the  element  occurs.  There  are  three  well-defined  varieties  of  silica. 
Two  of  them  are  crystalline  and  one  is  amorphous.  The  most  abtmdant 
of  these  is  represented  by  quartz,  which,  when  pure,  consists  of  colorless, 
transparent,  hexagonal  prisms,  having  a  specific  gravity  of  2.6,  and 
represented  in  the  scale  of  hardness  by  7.  These  prisms  are  of  two 
varieties,  one  of  which  rotates  the  plane  of  polarization  to  the  right  and 
the  other  to  the  left,  when  polarized  light  is  passed  through  a  section 
cut  parallel  to  the  vertical  axis.  Hence  these  crystals  are  called  dextro- 
and  laevo-rotary.  It  is  sometimes  slightly  colored,  as  in  amethyst, 
smoky  quartz,  and  rose  quartz. 

Many  of  our  most  abundant  rocks,  as  granite,  gneiss,  and  syenite,  are  made  up 
chiefly  of  quartz.     It  is  also  largely  represented  in  sand  and  sandstone. 

The  second  variety  of  quartz,  also  crystalline,  (cryptocrystalline  or  compact)  is 
known  as  tridimite,  which  was  originally  found  in  Mexico,  but  is  also  distributed 
through  a  number  of  trachytic  rocks.  It  occurs  in  hexagonal  plates,  having  a 
specific  gravity  of  2.3,  and  a  hardness  the  same  as  quartz. 

The  third  variety  is  amorphous,  generally  hydra  ted,  of  waxy  luster  and  con- 
choidal  fracture,  the  type  01  which  is  chalcedony.  It  has  a  specific  gravity  of 
2.3.  This  variety  frequently  occurs  with  varying  amounts  of  coloring  impuri- 
ties, as  shown  in  agate,  onyx  agate,  jasper,  and  flint.  The  precipitated  sihca 
formed  when  silicon  fluoride  is  passed  into  water  and  dried,  or  when  a  soluble 
silicate  is  treated  with  an  acid,  the  precipitate  collected  and  dried,  also  belongs 
to  this  variety.  In  this  form  it  possesses  a  specific  gravity  of  2.2;  if,  how- 
ever, it  be  strongly  heated  for  some  time  the  specific  gravity  becomes  2.3. 
The  quartz  crystal  likewise  changes  in  specific  gravity,  when  finely  powdered  and 
heated,  from  2.6  to  2.3.  An  amorphous  form  known  as  kiesel  giihr,  or  diatomaceous 
earth,  occurs  in  large  deposits  in  Germany,  and  in  several  localities  in  the  United 
States.  Opal  is  a  compact  hydrated  silicic  oxide,  as  is  also  geyserite.  The  opal  is 
softer  than  the  quartz  and  is  of  various  colors  exhibiting  opalescence  with  beauti- 
ful iridescence.  Silicon  dioxide  is  also  found  widely  distriouted  in  the  vegetable 
and  animal  kingdoms,  although  not  in  such  large  amounts  as  among  minerals. 
In  the  stalks  of  various  grasses,  and  in  the  hair  of  man  and  animals,  it  is  an  im- 
portant constituent. 

The  silicified  wood  found  in  many  localities,  but  especially  in  the  vicinity  of  the 
Yellowstone  National  Park  in  this  country,  is  formed  by  silicon  replacing  the 
carbon  of  the  wood. 
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Chemical  Properties. — All  the  varieties  of  silica  are  insoluble  in 
water  and  acids,  except  in  hydrofluoric  acid,  which  dissolves  it,  forming 
silicon  fluoride  (SiF^).  Quartz,  even  in  fine  powder,  is  practically  in- 
soluble in  boiling  solutions  of  the  alkaline  hydroxides  or  carbonates, 
while  the  other  two  varieties  will  dissolve,  the  amorphous  variety  com- 
pletely. This  serves  to  distinguish  quartz  from  the  other  two.  All 
varieties  on  fusing  with  dry  sodium  or  potassium  carbonate  form  soluble 
silicates  of  the  alkalies ;  the  aqueous  solution  of  sodium  silicate  is  com- 
monly termed  waier  glass: 

J  SiOa     -f     Na2C08     =     NaaSiOa     +     CO2. 

On  treating  this  solution  of  sodium  silicate  with  acid,  evaporating 
to  dryness,  adding  water,  collecting  the  precipitate,  and  washing  thor- 
oughly with  boiling  water,  the  purest  amorphous  silica  is  obtained. 

Quartz  crystal  and  sand  are  largely  used  in  the  manufacture  of  pottery 
and  glass ;  many  of  the  colored  varieties  are  used  as  imitation  gems ;  the 
amorphous  kiesel  guhr  is  employed  as  a  polishing  agent,  also  as  an  ab- 
sorbent of  nitro-glycerin,  forming  dynamite;  and  agate,  on  account  of 
its  hardness,  is  used  to  make  mortars  for  pulverizing  minerals. 

Orthosilicic  Acid,  H^SiO^. — When  hydrochloric  acid  is  added  to  a 
dilute  solution  of  sodium  silicate,  no  precipitate  occurs. 

^       NaaSiOa     -f     2HCI     -h     HgO     -^    aNaCl     +     H4Si04. 

If  this  solution  be  submitted  to  dialysis  the  sodiimi  chloride  and  excess 
of  hydrochloric  acid  will  pass  through,  while  a  transparent  colorless 
solution  remains,  supposed  to  contain  orthosilicic  acid,  this  also  forms 
in  the  decomposition  of  silicon  fluoride  by  water  (page  296).  This 
solution  may  be  concentrated  until  it  contains  14  per  cent,  of  silica; 
a  further  concentration  causes  it  to  solidify  into  a  jelly-like  m^s.  This 
acid  is  represented  in  a  few  silicates,  as  olivine,  MgjSidjP  zircon, 
ZrSiO^;  garnet,  Cdi^K\^{S\0^y,  chrysolite,  MgFeSiO^;  and  anorthite, 
CsLA\^{SiO^)2.  When  the  above  clear  solution  of  silicic  acic^g^  evapor- 
ated in  a  vacuum  at  15°,  a  glass-like  residue  remains,  stflpposed  to 
consist  of  metasilicic  acid,  HjSiOj;  on  drying  these  two  acids  at  a  higher 
temperature  silicon  dioxide  and  water  result: 

-i  H4Si04     -^     HaO     +     HaSiOa. 

^        HaSiOa     -=     HaO     -\-     SiOg. 

A  large  ntmiber  of  metasilicates  are  known,  for  example 

>    Steatite  (talc),  Mg3Ha(SiOa)4. 
WoUastonite,  CaSiOa- 
^       Emerald,  BeaAla(Si03)e. 
Enstatite,  MgSiOa. 
-\        Sodium  silicate,  NaaSiOa. 

Polysilicates, — Through  the  removal  of  one  or  more  molecules  of  water 
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from  two  or  more  molecules  of  orthosilicic  acid  an  unlimited  variety 
of  polysilicic  acids  *   may  be  obtained,  thus: 

DISILICIC  ACIDS. 

3H4Si04  —  HaO  —  HeSiaOr^  Hexabasic  disilicic  acid. 
3H4Si04  —  aHaO  — -  H4Si806.  /Tetrabasic  disilicic  acid. 
aH4Si04     — •     3HaO     =--     HaSiaOs.V  Dibasic  disiHcic  acid. 

TRISILICIC  ACIDS. 

3H4Si04    —     HaO     =     HioSiaOii. 
3H4Si04    —  2  HaO     -^     HsSiaOw. 
3H4Si04    —  3H2O     r-     HeSiaOa.     y 

These  polysilicic  acids  are  not  known  free,  but  many  occur  in  nature 
among  the  amorphous  forms  of  silica  as  agate,  opal,  and  chalcedony, 
Our  natural  silicates  are  salts  of  these  acids.  The  hydrated  silicates 
(zeolites)  are  soluble  in  hydrochloric  acid  while  the  anhydrous  silicates 
are  insoluble  and  are  rendered  soluble  by  fusion  with  alkali  carbonates 
and  hydroxides. 

^  Glass. — This  is  an  amorphous  mixture  of  the  silicates  of  calcium  or  lead  with 

those  of  an  alkali  (K  or  Na),  obtained  by  fusing  sand  (SiOa).  hme  or  lead  oxide 
with  sodium  or  potassium  carbonates.  For  the  cheaper  grades  of  glass  the 
alkali  carbonates  are  replaced  by  a  mixture  of  either  one  of  the  svdphates  and  coal 
dust.  The  sulphates  are  thereby  reduced  to  sulphides,  which  form  silicates  with 
the  sand.  Since  the  degree  of  fusibility,  hardness,  and  refractive  properties  of 
glass  depend  upon  its  composition,  we  distinguish  between  the  foUowmg  varieties: 

1.  Lime  (Plate)  Glass.     This   is  either  a   soda-lime  glass  or  potash-lime  glass. 
\i        It  is  cheaper,  harder  and  less  fusible  than  the  *'lead"  glass.     Tne  soda-lime  glass, 

which  is  readily  fusible,  is  the  commoner  sort  such  as  is  used  for  window-glass, 
plate  glass,  bottles,  etc.  The  potash-lime  glass  (Bohemian  or  Crown  glass),  which 
IS  a  silicate  of  lime  and  potassium,  fuses  only  at  a  very  high  temperature,  is  harder 
and  withstands  the  action  of  water  and  acids  better  than  soda-glass,  hence  is 
especially  adapted  for  the  manufacture  of  chemical  glassware. 

2.  Lead  (Fhnt  or  Crystal)  Glass.     In  this  variety,  litharge  (PbO)  or  red  lead 
\l      (Pb304)  replaces  the  CaO  of  the  lime  glass.     It  is  heavy,  possesses  great  lustre 

and  brilliancy  and  is  chiefly  used  for  cut-ware  and  optical  glass  (lenses,  prisms). 

Through  the  replacement  of  a  portion  of  the  lead  oxide  by  thallium  oxide  or 
boron  trS|teide,  the  refractive  property  of  the  glass  is  very  much  increased;  the 
boron  glaiSd  is  called  '^strasSt"  ana  is  used  for  making  imitation  gems. 

Glass  is  colored  through  the  addition  of  various  metallic  oxides  or  salts.  Blue 
glass  is  m^/d^  with  cobaltic  oxide  (CoaOa)  or  cupric  oxide  (CuO) ;  Violet  glass,  by 
the  use  of'^fenganese  dioxide;  red,  by  metallic  copper,  cuprous  oxide  (CuaO)  or 
gold  ;  yellowish' green,  by  uranium  oxide;  green,  by  chromic  or  ctmric  oxides ; 
milk  or  opal  glass  is  made  by  adding  bone-ash,  tin  or  zinc  oxides.  Enamel  such 
as  is  used  for  coating  iron  vessels  is  a  readily  fusible  glass  containing  lead  and  boric 
acid,  or  phosphate  or  stannate  of  sodium.  The  green  color  of  common  window 
or  bottle  glass  is  due  to  the  presence  of  ferrous  oxide  in  the  sand;  to  remove  this 
coloration,  manganese  dioxide  is  added.  This  serves  to  oxidize  the  ferrous  to  ferric 
oxide  which  imparts  a  yellow  tint;  this  color,  with  the  violet  produced  by  the 
manganese,  neutralizes  the  other  as  a  complementary  color. 


♦As  illustration  of  the  linkage  in  these  polyacids  the  following  examples  are  given; 

K— O— Si-^O  OH.        /OH 

\  ^  OH  >Si< 


/^  SiO.  O.       }0 

Si--  o  ;o  >i< 

\^  SiO-OH  0<       >0 

O-AIO— Si-O  HaSiaOft  HO^^     ^OH     H4SaO^ 

Orthoclase.  Polysilicic  Acids. 


CHAPTER    VIII. 

CLASSIFICATION    OF    THE    ELEMENTS. 

PERIODIC    SYSTEM. 

las  been  long  noted  that  certain  elements  possess  striking  similar- 
L  their  physical  and  chemical  properties.  For  example,  the  metals 
n  and  potassium,  discovered  by  Davy  in  1807,  closely  resembled 
lother  in  physical  appearances,  ready  oxidizability,  and  their  salts 
ited  analogous  physical  and  chemical  properties.  Also  the  metals 
n,  rubidium,  and  caesium,  which  were  discovered  later,  were  found 
ir  a  striking  resemblance  to  potassium  and  sodium,  and  when  ar- 
1  in  a  series,  their  atomic  weights  formed  a  progressive  series:  Li, 
Na,  22.88;  K,  38.86;  Rb,84.8;  Cs,  131. 9.  Similar  striking  relation- 
were  subsequently  found  to  exist  between  such  other  elements  as 
•,  I,  and  F;  Ca,  Sr,  and  Ba.  The  first  attempt  at  classifying  the 
nts  was  made  by  Doebereiner,  who,  in  1825,  proposed  arranging 
n  related  elements  in  groups  or  families  of  three,  called  triads ;  and 
g  other  striking  relationships,  he  noted  that  the  atomic  weight  of 
iddle  members  of  such  groups  was  nearly  the  mean  between  those 
5  first  and  last.* 

1864  Newlands  proposed  his  law  of  octaves,  in  which  he  pointed  out 
elements  be  arranged  in  order  of  their  increasing  atomic  weights, 
izontal  rows  of  seven,  one  row  above  the  other,  they  fall  into  groups, 
hose  elements  which  constitute  the  perpendicular  columns  show 
itriking  similarities  that  they  may  be  classed  into  families.  Those 
►ers  which  make  up  the  rows  of  seven  are  related  to  one  another  as 
iveral  octaves  in  music. f  Thus  related  (table  on  page  3cx>),  are 
i,  K,  Rb,  and  Cs;  F,  CI,  Br,  and  I. 

[869  Mendel^eff  and  Lothar  Meyer  independently  elaborated  these  . 
and  formulated  what  is  known  as  the  periodic  law  of  th$  elements, 
lely,  the  properties  of  the  elements  are  periodic  functions  of  their 
;  weights.     This  means  that  if  the  atomic  weight  of  an  element 
)wn,  its  position  in  the  table  and  consequent  properties  are  all 


•  convenience,  the  figures  have  been  rounded  into  their  nearest  whole  num- 
■-     40.  40.  CI  35.2  35.2  Li      -      7.  7. 

136.4  T>  126.0  ^.  38.0 

.    87.         r^-T^  ^^  ^    79  4       r-7 —  Na  ::    22.9       ,   ^    ^ 

'         2)176.4  2)161.2  ^     2)   45.9 

-  136.4  88.2  I  126.  80.6  K         38.9  22.95 

on  referring  to  the  table,  it  will  be  seen  that  the  number  of  elements  in  the 
ital  series  is  eight  and  not  seven.  This  is  due  to  the  recent  discovery  of 
sments  which  have  been  assigned  to  a  new  vertical  column  or  group. 
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The  Periodic  Table  (page  300)  of  Mendel^eff  contains  all  of  the  known 
elements,  with  spaces  for  the  undiscovered,  which  are  systematically 
blocked  off  into  spaces.  To  each  one  of  these  spaces  is  assigned  certain 
fixed  physical  and  chemical  properties  due  to  its  position  in  the  horizontal 
row  or  series  and  in  the  vertical  column  or  group.  Starting  with  the 
elements  arranged  in  the  columns  (groups),  we  find  under  Group  la,  the 
elements  which  constitute  the  family  of  alkali  metals,  namely  Li,  Na,  K, 
Rb,  Cs;  these  are  all  monads,  strongly  electro-positive ^  forming  bases 
with  oxygen  of  the  type  Me\0,  In  Group  I  la  are  the  alkaline  earths.  Be, 
Mg.  Ca,  Sr,  Ba,  which  are  dyads,  less  electro-positive  than  Group  la, 
and  form  bases  of  the  type  M"0  and  haloid  salts  of  the  type  WX^. 
Group  Ilia  are  triads  which  yield  derivatives  of  the  type  W'\0^  or 
MX3;  all  resemble  aluminum  closely,  and  as  a  group  possess  but  feeble 
basic  properties. 

The  tetrads  C,  Si,  Ge,  Sn,  and  Pb,  under  Group  IVa,  from  their  slight 
electro-negative  characters,  as  well  as  their  central  position  between 
Groups  I  and  VII,  serve  as  a  turning  point  from  the  electro- positive 
groups  preceding,  which  gradually  diminish  in  their  positive  characters 
from  left  to  right,  and  the  electro-negative  groups  following,  which 
increasing  in  their  negative  properties,  culminate  in  the  acid-ioTming 
metalloid  group  (VII)  consisting  of  Fl,  CI,  Br,  and  I.  The  sub-groups 
(V)  N,  P,  As,  Sb,  and  (VI)  O,  S,  Se,  Te,  as  well  as  the  halogen  group 
(VII),  all  form  volatile  compounds  with  hydrogen.  The  metals  in  Group 
16  (Cu,  Ag,  Au)  are  monivalent,  and  form  compounds  isomorphous 
bo  those  of  the  sodium  sub-groups.  They  exhibit  among  themselve  great 
similarities  physically  and  chemically ;  as,  for  example,  the  insolubility 
Df  their  oxides  and  sulphides,  also  their  protochlorides  (CuCl,  AgCl, 
and  AuCl)  are  insoluble  in  water,  and  soluble  in  ammonia  and  thiosul- 
phates.     Corresponding  similarities  may  be  cited  for  Group  116,  and  so  on. 

Beginning  with  the  periods,  we  find  there  is  a  gradual  and  regular 
:hange  in  the  chemical  and  physical  properties  of  the  elements,  showing 
1  maximum  or  minimum  value  at  either  extremity  or  the  middle  of  the 
period.     For  example : 

Na  Mg  Al  Si  P  S  CI. 

I.  Valency,  hy- 
drogen         I  II  III  IV  III  II  I. 

>.  Valency,  oxy- 
gen        I  II  III  IV  V  VI  VII. 

:.    Specific  gravity     0.97  1.75  2.67  2.5  2  2  1.3  (liquid). 

i.  Atomic  volume*    24  14  10  11  14  16  27. 

'.   Hydroxides... NaOH  Mg(0H)2  A1(0H)8  Si(OH)4  P(OH)6  S(OH)e  C1(0H)7. 

The  above  comparisons  may  be  extended  to  the  other  periods.  Some 
loubt  exists  as  to  where  hydrogen,  the  element  with  the  lowest  atomic 
freight,  shall  be  placed.  Some  place  it  at  the  head  of  the  fluorine  column, 
3ut  there  are  better  reasons  for  its  present  place  in  Group  I.  The  hydrogen 


♦  The  atomic  volume  (si)eciiic  volume)  of  an  element  is  the  quotient  obtained 
)y  dividing  its  atomic  weight  by  its  density.  It  expresses  the  number  of  cc. 
Kxupied  by  a  gram  atom. 
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valencies  (a)  and  the  specific  gravities  (c),  form  two  curves  which  rise 
gradually  from  the  extremities  and  unite  at  the  middle  to  form  a  maxi- 
mum [NaCl,  MgCl^,  AICI3,  SiCl,,  PCl^,  SOjCl,  (WCy].  The  oxygen 
valencies  (6)  and  hydroxides  (e)  form  a  curve  which  reaches  a  maxi- 

I  II  III  IV  V  VI  VII 

miun  with  chlorine  (Na^O,  MgO,  A\fi^,  SiO,,  P^O^,  SO3,  Cl^O.). 
It  should  also  be  noled  that  sodiiun  (Na^O  or  NaOH)  is  more  basic  than 
magnesium,  (MgO,Mg[OH]2)  while  aluminum  begins  to  show  slightly 
acid  properties  in  its  hydroxide  [A1(0H)J.  Passing  from  the  neutral 
acid  anhydride  SiO^  to  phosphorus,  we  find  this  latter  element  possesses 
strong  acid-forming  properties  which  arc  exceeded  by  those  of  sulphur 
and  still  more  so  by  chlorine. 

In  classifying  the  various  elements,  it  was  found  necessary  to  assign  a 
special  place  (Group  VIII)  to  certain  metals  which  apparently  did  not 
fit  in  elsewhere.  These  are  characterized  by  their  gray  color,  low  atomic 
volume,  high  fusing-point  (Os  —  2500°,  Ir  --  1950°,  Fe  ---  1600®,  etc.), 
their  property  of  occluding  gases,  and  formation  of  well  defined  double 
salts  with  potassium  cyanide. 

Through  the  systematic  gradation  afforded  by  this  table  we  are  able 
to  exercise  a  control  over  the  atomic  weights  of  all  elements.  It  not 
only  enables  us  to  distinguish  beween  the  combining  weights  or  multi- 
ples of  these  and  the  atomic  weights,  but  also  to  correct  them  in  case  of 
error.  Further,  this  table  affords  us  information  relative  to  the  physical 
and  chemical  properties  of  the  various  compounds  of  all  the  elements, 
for  when  the  position  of  an  element  is  once  fixed  in  this  system,  its  proper- 
ties naturally  follow  as  a  sequence  of  its  relations  to  its  surrounding 
elements.  Based  on  the  above  facts,  Mendel6eff  predicted  the  existence 
of  a  number  of  unknown  elements,  such  being  indicated  by  means  of 
blank  spaces  in  the  table.  Among  these,  three  elements  provisionally 
termed  eka-boron,  eka-aluminum  and  eka-silicon,  were  predicted  in 
Periods  4  and  5.  Their  atomic  weights  were  set,  the  physical  and  chemi- 
cal properties  of  their  various  compounds  as  well  as  those  of  the  metals 
themselves,  were  minutely  described.  True  to  the  prediction,  gallium  was 
discovered  iit  1875,  scandium  in  1879  and  germanium  in  1886.  The 
properties  of  these  elements  and  their  compounds  were  found  to  closely 
correspond  with  those  predicted. 

Professor  Ramsey,  in  endeavoring  to  find  a  place  in  the  periodic  table  for 
the  clement  argon  discovered  by  him  in  1895,  was  led  to  the  belief  that  this 
element  constituted  a  member  of  a  new  period.  With  this  in  view,  he  in- 
stituted a  search  for  other  possible  elements  which,  like  argon,  might  be  as- 
sociated with  nitrogen  in  the  atmospheric  air.  This  resulted  in  the  discov- 
ery of  helium,  neon,  krvpton,  and  xenon,  which  because  of  the  total  absence 
of  chemical  affinity,  thus  differing  from  all  other  elements,  were  assigned 
to  a  new  Group  (Zero)  placed  l)efore  Group  I  which  consists  of  monads. 

It  should  also  be  noted  that  the  atomic  weight  of  the  newly  discovered 
element  radium  places  it  directly  under  barium,  to  which  it  is  appar- 
ently related. 


I 
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CHAPTER    I. 

THE   ALKALI    METALS. 

General  Characters. — The  alkali  group  of  metals  consists  of  Potas- 
sium, Sodium,  Lithium,  Rubidium,  Csesium,  and  the  atomic  group 
Ammonium. 

In  this  group  the  valence  of  the  individual  members  is  the  immediate 
reason  for  so  classifying  them.  They  have  numerous  other  properties 
in  common, — for  instance,  their  soft  wax-like  consistence,  their  low 
specific  gravity  (all  but  rubidium  and  caesiiun  being  lighter  than  water) , 
their  strong  metallic  lustre,  and  their  low  melting  points.  Of  course, 
where  the  metals  are  to  be  compared,  ammonium  is  excluded ;  but  the 
compounds  of  all  the  members  bear  a  close  resemblance  to  one  another. 
The  metals  all  energetically  decompose  water,  evolving  hydrogen  and 
forming  hydroxides  in  solutions  which  have  a  strongly  alkaline  reaction. 

The  salts  are  nearly  all  soluble  in  water,  the  chief  exceptions  being 
lithium  phosphate  and  carbonate.  Potassium,  ammonium,  rubidium, 
and  caesium  form  insoluble  tartrates  and  chloroplatinates,  while  sodium 
and  lithium  do  not.  Some  other  distinguishing  characters  of  their  salts 
will  be  noted  when  they  come  to  be  treated  analytically. 

POTASSIUM. 

Symbol,  K.  Atomic  Weight,  38.86.  Valence,  I. 

History. — The  salts  of  potassium  have  been  known  from  the  earliest 
times.  They  were  probably  first  extracted  from  wood  ashes  under  the 
name  alkali.  Previous  to  1736  there  was  no  distinction  between  the 
salts  of  potassium  and  sodium.  The  former  then  became  knowiy  as 
potashes.  / 

The  metal  potassium  was  discovered  in  1807  ^Y  Davy,  who  separated 
it  by  the  electrolysis  of  potassium  hydroxide.  Its  elementary  charac- 
ter was  not  finally  admitted  until  181 1,  after  the  investigations  of  Gay- 
Lussac  and  Th^nard. 

Occurrence. — Potassium  is  widely  distributed  in  nature,  but  never 
in  the  metallic  state.  In  the  mineral  kingdom  it  is  found  as  nitrate,  or 
nitre f  as  the  chloride,  or  sylvite,  as  the  double  magnesium  and  potassium 
chloride,  or  carnallite,  and  as  the  double  magnesium  and  potassium 
sulphate  known  as  schoenite   and  kainite.     It   occurs,  however,  most 

303 


/  K  A  ^yyu^vy^^^-^y^        C  (V  •    ■  *-  ^ 


^^v..-/ 


304  CHEMISTRY  OF  THE  METALS. 

extensively  as  silicate  in  many  rocks, — especially  in  potash-feldspar, 
where  it  is  found  to  the  extent  of  lo  to  15  per  cent.  As  feldspar  is  a  con- 
stituent of  granite,  it  will  be  seen  that  the  distribution  is  very  wide. 
The  other  abundant  rocks  that  contain  potassium  are  syenite,  gneiss, 
and  micaceous  schist.  Many  mineral  waters,  and  the  waters  of  the 
ocean,  contain  small  proportions  of  the  potassium  salts. 

Potassium  is  found  abundantly  in  the  vegetable  and  animal  kingdoms. 
It  is  a  necessary  constituent  of  plants,  and  is  absorbed  by  them  from 
the  soil.  The  condition  in  which  it  exists  in  the  soil  is  usually  as  a  com- 
pound with  some  organic  acid.  Plants  obtain  their  supply  of  this  ele- 
ment from  the  soil  where  it  is  stored.  The  soil  retains  more  potassium 
than  it  does  sodium.  The  animal  body  contains  a  considerable  pro- 
portion of  pota.ssium  salts.  The  salts  of  soditun  are  eliminated  from  the 
system  while  those  of  potassium  are  retained. 

Sheep's  wool  contains  nearly  one- third  its  weight  of  potassium  salts, 
which  arc  known  in  commerce  as  snint. 

Sources. — The  world's  supply  of  potassium  salts  is  derived  chiefly 
from  the  chloride,  sulphate,  and  carbonate.  The  chloride  of  potassium 
is  obtained  from  the  camallite  and  sylvite  of  StassfuH,  Germany,  and 
the  sulphate  from  kainite.  The  production  of  kainite  in  1903  was 
1,577,243  tons,  and  in  1904,  1,905,893  tons,  and  of  native  potassium 
salts  other  than  kainite  in  1903,  2,073,720  tons,  and  in  1904,  2,179,471 
tons. 

The  carbonate  is  obtained  from  wood  ashes,  and  the  supply  at  the 
present  time  is  chiefly  furnished  by  Russia,  although  a  distinct  amount 
is  produced  in  the  United  States  and  Canada.  Small  quantities  of  the 
carbonate  are  also  obtained  from  the  beet-root  residues  after  the  prep- 
aration of  the  sugar.  The  washings  from  sheep's  wool,  after  evapora- 
tion and  calcination,  form  an  additional  source  for  potassium  salts  in 
the  form  of  carbonate. 

Preparation. — Potassium  may  be  prepared  by  subjecting  fused  potassium 
hydroxide  to  a  strong  electric  current.  The  metal  and  hydrogen  are  liberated 
at  the  negative  pole  and  oxygen  at  the  positive  pole,  as  follows: 

2KOH  Ka  Ha      -      Oa. 

This  process  has  been  perfected  by  Castner,  so  as  to  render  it  available  for  pix)- 
ducing  the  metal  on  a  large  scale.  The  apparatus  by  which  this  is  accoinplisned 
is  illustrated  in  Fig.  106. 

The  iron  vessel  a  contains  the  melted  potassium  hydroxide,  which  is  maintained 
in  a  fused  condition  by  the  gas-jets  g.  The  negative  electrode  H  is  brought  from 
the  bottom,  the  jK^sitive  electrode  f  is  suspended  from  the  top,  and  the  two  are 
separated  by  an. iron  wire  cage,  h  is  sealed  in  position  by  the  metallic  hydroxide 
K  below  the  gas- jots  after  it  has  cooled.  The  vessel  and  its  attachments  are  sup- 
ported by  the  brickwork  r;  p  is  an  aj^rture  for  the  insertion  of  a  thermometer, 
since  it  is  important  that  the  temperature  of  the  hydroxide  be  not  allowed  to  rise 
more  than  twentv  degrees  above  its  fusing  point. 

When  the  decom|K>sition  takes  place,  the  liberated  potassium  rises  and  floats 
on  the  surface  of  the  fused  hydroxide,  in  c.  It  is  removed  by  a  finely  perforated 
ST)oon,  which  retains  the  metal  and  allows  the  melted  hydroxide  to  run  through. 
The  process  is  a  continuous  one.  as  more  of  the  hydroxide  is  added  from  time  to 
time  to  replace  that  which  is  decomposed. 


POTASSIUM.  30s 

majr  also  be  prepared  by  heating  to  whiteness  a  mixture  of  pota»- 
hydroxide  and  nietaUic  iron: 

4KOH         +        3Fe        =        FesO.        +         aK,        +         sH^ 


Hydro 


1  a  lar^e  scale  is  that  in 
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rhe  residue  of  potassium  carbonate  and  carbon  is  mixed  with  a  little  more  char- 
J,  and  brought  to  a  strong  white  heat,  in  a  furnace  similar  to  that  shown  in  Fig. 
I  and  used  in  the  preparation  of  sodium.  The  reaction  which  takes  place  is 
follows: 


6KOH 

-f 

FeC2      - 

=        2K2CO8 

Potassium 

Iron 

Potassium 

Hydroxide. 

Carbide. 

Carbonate. 
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ing  and  prevent  the  formation  of  a  black  compound  of  potassium  and  carbo 
monoxide.  The  liquid  potassium  as  it  condenses  is  allowed  to  run  into  petroleus 
in  order  to  preserve  it  from  oxidation.  This  process  was  brought  into  practica 
operation  by  Brunner,  but  has  since  been  improved  upon  by  others,  and  ver 
extensively  employed.  It  is  likely,  however,  to  be  superseded  by  the  electroljrti 
method.  The  potassium  prepared  in  this  manner  is  still  in  need  of  puhficatioi 
by  redistillation,  as  it  is  liable  to  be  contaminated  with  carbon  monoxide,  which 
unless  removed,  may  give  rise  to  the  black  explosive  compound. 

A  method  was  devi^d  by  Castner,  previously  to  his  electrolytic  one,  in  which  i1 
was  proposed  to  furnish  the  metal  at  an  expense  not  exceeding  twenty-five  centJ 
a  pouna.  This  consists  in  first  obtaining  an  iron  carbide,  FeCs,  an  intimate  mix- 
ture of  fine  iron  and  coke.  This  is  then  heated  with  potassium  hydroxide  to  about 
800**,  when  the  following  reaction  takes  place: 

I        3K2       -f       Fe       -I        Kt. 
Hydrogen.  Iron.  PoCaaainm. 

The  potassium  carbonate  is  reconverted  into  hydroxide  and  used  again. 

Properties. — On  account  of  the  rapidity  with  which  potassium  com- 
bines with  oxygen,  it  is  found  in  commerce  chiefly  in  the  form  of  small 
globular  pieces  of  the  size  of  cherries,  and  preserved  under  petroleum 
or  other  hydrocarbon,  to  protect  it  from  the  air. 

Potassium  is  of  a  waxy  consistence,  and  when  freshly  cut  exhibits 
the  true  appearance  of  the  metal,  which  is  silver-white  in  color  and 
of  bright  metallic  lustre.  Next  to  lithium,  it  is  the  lightest  metal 
known,  having  a  specific  gravity  of  0.875.  On  the  application  of  heat 
it  melts  at  62.5°,  and  at  72o°C.  in  an  atmosphere  of  some  inert  gas, like 
hydrogen  or  nitrogen,  it  volatilizes,  yielding  a  greenish  vapor. 

By  melting  some  of  the  metal  in  a  tube  filled  with  nitrogen  gas,  allow- 
ing to  cool  until  a  portion  solidifies,  and  pouring  out  the  liquid  portion, 
that  remaining  in  the  tube  takes  the  form  of  tetragonal  octahedra,  of 
a  silver-white  color. 

Potassium  dissolves  in  liquid  ammonia,  forming  a  deep  blue  solution, 
and  as  the  liquid  evaporates,  it  is  left  unchanged. 

Potassium  has  a  strong  affinity  for  oxygen,  and  its  vapor  bursts  into 
flame  on  coming  in  contact  with  air,  burning  with  a  characteristic  violet 
color.  If  air  be  absolutely  free  from  moisture,  it  will  not  combine 
with  the  metal  at  ordinary  temperatures.  When  thrown  on  water, 
the  latter  is  immediately  decomposed,  the  metal  combining  with  the 
oxygen  and  liberating  the  hydrogen,  which  with  some  potassium  vapor 
bursts  into  a  violet-colored  flame. 

Potassium  combines  with  the  halogens  with  great  energy;  a  small 
fragment  dropped  on  bromine  causes  a  violent  explosion.  It  has  the 
power  to  displace  most  other  metals  from  their  combinations,  and  has, 
therefore,  been  used  for  preparing  magnesium  and  aluminum. 

POTASSIUM   AND   HYDROGEN. 

Potassium  Hydride,  K4H2. — When  potassium  is  heated  in  an  atmosphere  of 
hydrogen  to  300®,  a  silver-white,  brittle  mass  results,  which  begins  to  decompo« 
at  410®,  or,  under  reduced  pressure,  dissociation  begins  at  20Q**.  Potassium  hy- 
dride inflames  spontaneously  on  contact  with  air. 
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Potaarium  may  also  be  prepared  by  heating  to  whiteaew  a  mutture  of  potas- 
ua  hydroxide  and  nietaluc  iron: 

4KOH        +        3Fe        =        PesO*        +         aK,        +         aHg. 


a  lai^e  scale  is  that  v 


Electrolytic  preparalli 


1  of  ac[d  potassium  tartrate 


>KHC*H*Ob         ^         KaCOa        +         sHaO        +         4CO        +         3C. 

FaUvlBm  Pcrtuiiuin  Water.  C«tbon.  Carbon. 

Bltaltrslc.  Carboiulc,  Monoxide. 

The  residue  of  potassium  carbonate  and  carbon  is  mixed  with  a  little  more  char- 
•»],  and  brought  to  a  strong  white  heat,  in  a  furnace  similar  to  that  shown  in  Fig. 
ift  and  used  in  the  preparation  of  sodiiun.  The  reaction  which  takes  place  is 
i  follows: 
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ing  and  prevent  the  formation  of  a  black  compound  of  potassium  and  carbon 
monoxide.  The  liquid  potassium  as  it  condenses  is  allowed  to  nm  into  petroleimi, 
in  order  to  preserve  it  from  oxidation.  This  process  was  brought  into  practical 
operation  by  Brimner,  but  has  since  been  improved  upon  by  others,  and  very 
extensively  employed.  It  is  likely,  however,  to  be  superseded  by  the  electrolytic 
method.  The  potassium  prepared  in  this  manner  is  still  in  need  of  purification 
by  redistillation,  as  it  is  liable  to  be  contaminated  with  carbon  monoxide,  which, 
unless  removed,  may  give  rise  to  the  black  explosive  compound. 

A  method  was  devi^d  by  Castner,  previously  to  his  electrolytic  one,  in  which  it 
was  proposed  to  furnish  the  metal  at  an  expense  not  exceeding  twenty-five  cents 
a  pouna.  This  consists  in  first  obtaining  an  iron  carbide,  FeCs,  an  intimate  mix- 
ture of  fine  iron  and  coke.  This  is  then  heated  with  potassium  hydroxide  to  about 
800**,  when  the  following  reaction  takes  place: 


6KOH 

-f 

FeCa      - 

=       2KaC08 

f        3H2        + 

Fe 

+       Ka. 

Potassium 

Iron 

Potassium 

Hydrogen. 

Iron. 

Potassinm. 

Hydroxide. 

Carbide. 

Carbonate. 

The  potassium  carbonate  is  reconverted  into  hydroxide  and  used  again. 

Properties. — On  account  of  the  rapidity  with  which  potassiiun  com- 
bines with  oxygen,  it  is  found  in  commerce  chiefly  in  the  form  of  small 
globular  pieces  of  the  size  of  cherries,  and  preserved  under  petroleum 
or  other  hydrocarbon,  to  protect  it  from  the  air. 

Potassium  is  of  a  waxy  consistence,  and  when  freshly  cut  exhibits 
the  true  appearance  of  the  metal,  which  is  silver- white  in  color  and 
of  bright  metallic  lustre.  Next  to  lithium,  it  is  the  lightest  metal 
known,  having  a  specific  gravity  of  0.875.  O^  ^^^  application  of  heat 
it  melts  at  62.5°,  and  at  720°  C.  in  an  atmosphere  of  some  inert  gas,  like 
hydrogen  or  nitrogen,  it  volatilizes,  yielding  a  greenish  vapor. 

By  melting  some  of  the  metal  in  a  tube  filled  with  nitrogen  gas,  allow- 
ing to  cool  until  a  portion  solidifies,  and  pouring  out  the  liquid  portion, 
that  remaining  in  the  tube  takes  the  form  of  tetragonal  octahedra,  of 
a  silver-white  color. 

Potassium  dissolves  in  liquid  ammonia,  forming  a  deep  blue  solution, 
and  as  the  liquid  evaporates,  it  is  left  unchanged. 

Potassium  has  a  strong  affinity  for  oxygen,  and  its  vapor  bursts  into 
flame  on  coming  in  contact  with  air,  burning  with  a  characteristic  violet 
color.  If  air  be  absolutely  free  from  moisture,  it  will  not  combine 
with  the  metal  at  ordinary  temperatures.  When  thrown  on  water, 
the  latter  is  immediately  decomposed,  the  metal  combining  with  the 
oxygen  and  liberating  the  hydrogen,  which  with  some  potassium  vapor 
bursts  into  a  violet-colored  flame. 

Potassium  combines  with  the  halogens  with  great  energy;  a  small 
fragment  dropped  on  bromine  causes  a  violent  explosion.  It  has  the 
power  to  displace  most  other  metals  from  their  combinations,  and  has, 
therefore,  been  used  for  preparing  magnesium  and  aluminum. 

POTASSIUM    AND   HYDROGEN. 

Potassuim  Hydride,  K4H2. — ^When  potassium  is  heated  in  an  atmosphere  of 
hydrogen  to  300°,  a  silver-white,  brittle  mass  results,  which  begins  to  decompose 
at  410°,  or,  under  reduced  pressure,  dissociation  begins  at  20Q**.  Potassium  hy- 
dride inflames  spontaneously  on  contact  with  air. 
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The  halogen  compounds  of  potassium  are  : 

Potassium  Fluoride,  KF. 
Potassium  Chloride,  KCl. 
Potassium  Bromide,  KBr. 
Potassium  Iodide,  KI. 

Potassium  Fluoride,  KF,  is  prepared  by  neutralizing  aqueous  hydrofluoric  acid, 
in  a  platinum  dish,  with  potassium  carbonate  or  hydroxide.  On  concentrating  the 
solution  the  salt  crystallizes  out  in  cubes.  When  formed  at  ordinary  temperatures 
these  crystals  have  the  formula  KF.2HaO,  but  at  or  above  35°  they  form  without 
water  ot  crystalUzation. 

The  salt  is  deliquescent,  and  its  solution  attacks  glass.  Hydrofluoric  acid  has 
the  property  of  forming  acid  salts;  of  these  the  one  with  potassium,  KHFa,  is 
characteristic.  The  other  halogens  appear  not  to  have  this  property  of  forming 
acid  salts. 

Potassium  Chloride,  KCl. — ^This  salt  was  first  used  in  medicine  by 
Sylvius  de  le  Bo^,  under  the  name  of  sal  febrifugum  or  sal  digestivum. 
It  occurs  in  sea  water,  in  many  mineral  springs,  and  at  Stassfurt,  Ger- 
many. As  carnallite,  KCl.MgCl2.6H2O,  and  sylvite,  KCl,  it  is  the  most 
abundant  salt  in  that  locality. 

Preparation. — Since  potassium  chloride  occurs  so  abundantly  in  nature,  it  is 
rarely  prepared  on  the  small  scale.  It  can,  however,  readily  be  made  by  neutral- 
izing hydrochloric  acid  with  potassium  carbonate,  according  to  the  following 
reaction  : 


KaCOs  2HCI  2KCI  COa  H2O. 

Potassium  Hydrochloric  Potassium  Carbon  Water. 

Carbonate.  Acid.  Chloride.  Dioxide. 

On  a  large  scale  carnallite  is  mixed  with  three-fourths  its  weight  of  water  and 
the  mixture  treated  for  some  time  with  live  steam,  whereby  the  carnallite  is  re- 
solved into  its  constituent  salts,  magnesium  chloride  and  potassium  chloride.  The 
hot  solution  is  allowed  to  cool,  and  the  less  soluble  potassium  chloride  crystal- 
lizes.   It  is  further  purified  by  washing  with  a  little  cold  water  and  recrystallizing. 

Properties. — Potassium  chloride  occurs  in  permanent,  white,  cubical 
crystals;   soluble  in  3  parts  of  cold  water,  in  about  2   parts  of  hot 
water,  and  insoluble  in  alcohol.     Its  specific  gravity  at  15°  is  1.945. 
On  the  application  of  strong  heat  the  salt  melts,  and  at  a  red  heat  it 
volatilizes. 

Uses. — Potassium  chloride  is  used  for  the  preparation  of  a  number  of 
other  potassium  salts,  notably  the  chlorate  and  carbonate.  The  impure 
salt  is  used  largely  as  a  fertilizer. 

Potassium  Bromide,  KBr.  Potassii  Bromidum,  U.S. P. — This  salt 
is  prepared  by  one  of  two  methods  (also  compare  page  174). 

(i)  I  part  of  iron  wire  in  a  large  flask  is  covered  with  10  parts  of  water; 
2  parts  of  bromine  are  slowly  added,  in  small  portions  at  a  time,  allowing 
the  combination  with  the  iron  to  take  place  after  each  addition.  This 
part  of  the  operation  should  be  conducted  in  a  well-ventilated  room,  in 
order  that  the  operator  may  avoid  inhaling  the  irritating  fumes  that  are 


I 

J 
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unavoidably  evolved.     In  the  reaction  which  takes  place  ferrous  bromide 
is  formed,  as  follows: 

Fe     -r     Bra     =     FeBra. 

The  resulting  solution  is  of  a  green  color,  and  is  now  filtered  from 
the  excess  of  iron.  It  is  then  heated  in  an  open  dish  to  near  the  boiling 
point,  and  1.75  parts  of  potassium  carbonate  in  10  parts  of  water  are 
slowly  added  until,  after  heating  a  short  time,  the  liquid  reacts  slightly 
alkaline.  The  result  is  a  mixture  of  potassium  bromide  and  ferrous  car- 
bonate \j 

yj      FeBra         -\-         KaCOs         ^         aKBr         -f         FeCOs. 

Ferrous  Potassium  Potassium  Ferrous 

Bromide.  Carbonate.  Bromide.  Carbonate. 

The  mixture  is  heated  for  some  time  in  order  to  convert  the  bulky 
precipitate  of  ferrous  carbonate  into  a  more  compact  ferrous  and  ferric 
hydroxide,  carbon  dioxide  escaping  at  the  same  time.  The  whole  is 
then  filtered  and  the  precipitate  washed  free  of  potassium  bromide  by 
means  of  hot  water.  The  clear  filtrate,  containing  the  potassium  bro- 
mide, is  evaporated  and  crystallized. 

(2)  To  a  convenient  quantity  of  potassium  hydroxide  solution  bromine 
is  added,  in  small  portions  at  a  time,  until,  after  agitation,  the  yellow- 
brown  color  of  the  bromine  remains  permanent,  indicating  a  slight  excess 
of  that  element.     The  following  reaction  expresses  what  has  taken  place: 


6KOH 

3Bra 

sKBr        -} 

KBrOs 

4- 

3HaO. 

Potassium 

Bromine. 

Potassium 

Potassium 

Water. 

Hydroxide. 

Bromide. 

Bromatc. 

The  solution  is  evaporated  nearly  to  dryness,  and  a  quantity  of  wood 

charcoal  stirred  in  amounting  to  one-tenth  of  the  amount  of  bromine. 

The  mixture  is  then  dried  and  heated  to  low  redness  in  an  iron  vessel, 

when    the    reduction  of   the    potassium    bromate   is  accomplished  as 

follows  : 

vj  KBrOa      r      3C  KBr     -h     3CO. 

The  cooled  mass  is  treated  with  water,  the  solution  filtered  and  evapo- 
rated to  crystallization. 

Properties. — When  perfectly  pure,  potassium  bromide  occurs  in 
colorless,  translucent,  cubical  crystals,  permanent  in  the  air,  odorless, 
with  a  sharp  saline  taste  and  a  neutral  reaction.  The  commercial  salt 
usually  occurs  in  white,  opaque  crystals  with  a  slightly  alkaline  reaction. 
The  salt  is  soluble  in  1.5  parts  of  water- at  25°,  and  in  less  than  one  part 
of  boiling  water.  It  is  soluble  in  180  parts  of  cold  and  in  16  parts  of 
boiling  alcohol;  also  soluble  in  4  parts  of  glycerin.  When  heated  the 
salt  decrepitates  somewhat,  and  at  700^  it  fuses  without  decomposition. 
At  a  bright  red  heat  it  volatilizes,  imparting  to  the  flame  a  violet  color. 
Potassium  bromide  is  identified  by  the  usual  potassium  tests  and  by 
adding  to  10  c.c.  in  a  test-tube  a  few  drops  of  chloroform  and  then,  a 
little  at  a  time,  chlorine  water  until  the  solution  smells  distinctly  of  it, 
a  yellowish-brown  color  is  imparted  to  the  chloroform  on  agitation. 
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If  a  violet  color  be  produed  iodide  is  indicated.  An  admixture  of 
potassium  bromate  is  indicated  when  an  immediate  yellow  color  is 
assumed  on  the  addition  of  diluted  sulphuric  acid.  This  test  depends 
on  the  following  reaction  : 

•jKBr      I      KBrOa     +     6H2SO4     ^-     6KHSO4     -f      3H2O     -f     3Br2. 

Potassium  Iodide,  KI.  Potassii  lodidum,  U.S.?. — This  salt  is 
prepared  by  mixing  in  a  capacious  porcelain  dish  i  part  of  iron  wire 
with  8  parts  of  water,  and  adding  in  small  portions  at  a  time  3  parts 
of  iodine.     The  result  is  ferrous  iodide,  as  follows  : 

Fe     +     la     -=     Fela. 

The  greenish  solution  is  filtered  from  the  undissolved  iron,  and  treated 
with  one  part  of  iodine,  forming  ferric  iodide  : 

2FeIa     -f     la     :=     Feale. 

To  this  solution  are  added  2.2  parts  of  pure  potassium  carbonate,  pre- 
viously dissolved  in  10  parts  of  water.  The  following  reaction  takes 
place : 

Feale      -^      aKaCOs       +      sHaO      =      6KI      -f      3C0a      4       Fea(OH)e. 

Ferric  Potassium  Water.  Potawium  Carbon  Ferric 

Iodide.  Carbonate.  Iodide.  Dioxide.  Hydroxide. 

If  necessary  a  small  additional  quantity  of  potassium  carbonate  may 
be  added  until  the  solution  is  faintly  alkaline.  The  whole  mixture  is 
then  boiled  for  a  few  minutes,  which  causes  the  precipitate  to  become 
more  dense;  it  is  then  filtered  and  washed.  The  filtrate  and  washings 
are  concentrated  to  a  small  bulk  and  set  aside  for  the  potassium  iodide 
to  crystallize  out. 

Another  method  consists  in  adding  to  a  convenient  quantity  of  potas- 
sium hydroxide  solution  sufficient  powdered  iodine  in  small  portions  at 
a  time  to  produce  a  permanent  yellowish  color.  Potassium  iodide  and 
iodate  are  formed  as  follows  : 


6KOH 

-f 

3l« 

SKI 

+ 

KIOs 

f 

3H,0. 

Potassium 

Iodine. 

Potassium 

Potassium 

Water. 

Hydroxide. 

Iodide. 

Iodate. 

The  solution  is  evaporated  to  a  syrupy  consistence,  and  a  quantity 
of  wood  charcoal,  equal  to  one-tenth  the  amount  of  iodine  employed, 
is  stirred  in.  The  mixture  is  then  dried  and  heated  to  low  redness.  The 
iodide  is  unchanged  by  this  treatment,  while  the  iodate  is  converted  into 
iodide  according  to  the  following  reaction  : 

KIOs    +.    3C    -     KI     4-     3CO. 

The  residue,  after  \cooling,  is  treated  with  water,  filtered,  and  the 
filtrate,  after  concentration,  is  set  aside  to  crystallize. 

Finally,  potassium  iodide  is  prepared  from  the  '* mother  liquors" 
obtained  in  the  preparation  of  sodium  nitrate  from  Chili  saltpetre, 


3IO  CHEMISTRY  OF  THE  METALS. 

iodine  being  recovered  as  cuprous  iodide,  Cujj.  This  is  converted  into 
hydrogen  iodide  as  follows  : 

Cu2la     -:       HaS     --=     CuaS     -f     2HI. 

The  hydrogen  iodide,  after  removal  of  cuprous  sulphide  by  filtration, 
is  neutralized  with  potassium  carbonate.     (Also  compare  page  180.) 

Properties. — Potassium  iodide  is  ordinarily  found  in  large,  white, 
opaque  crystals,  having  been  crystallized  from  a  faintly  alkaline  solu- 
tion. When  the  crystals  are  formed  in  neutral  solutions,  they  are  color- 
less and  nearly  transparent.  The  salt  has  a  faint  odor,  and  a  sharp, 
saline  taste  with  a  faint,  bitterish  aftertaste.  The  crystals  are  per- 
manent in  dry  air,  but  slightly  deliquescent  in  moist  air. 

The  salt  is  soluble  in  0.7  part  water  at  25®,  and  in  0.5  part  of  boiling 
water,  in  18  parts  of  alcohol,  and  in  6  parts  boiling  alcohol;  it  is  also 
soluble  in  2.5  parts  of  glycerin. 

When  heated  the  salt  decrepitates,  and  at  a  low  red  heat  it  fuses; 
at  a  bright  red  heat  it  volatilizes  without  decomposition.  The  aqueous 
solution  should  have  a  scarcely  perceptible  alkaline  reaction  towards 
litmus  paper.  The  salt  becomes  of  a  faint  yellowish  color  when  exposed 
to  the  air,  on  account  of  the  liberation  of  traces  of  iodine. 

The  usual  tests  for  potassium  serve  to  identify  the  salt  as  contain- 
ing that  base,  and  the  iodine  is  indicated  by  adding  a  few  drops  of 
chloroform  to  the  aqueous  solution,  and  then  chlorine  water  in  small 
portions  at  a  time  until  the  solution  smells  of  it,  when,  on  agitation,  a 
violet  color  will  be  imparted  to  the  chloroform ;  iodine  is  also  liberated 
from  this  salt  by  fuming  nitric  acid,  by  concentrated  sulphuric  acid, 
and  by  chromic  acid.  Silver  nitrate  produces  a  yellow  precipitate  of 
silver  iodide  when  added  to  a  solution  of  potassitun  iodide.  This  pre- 
cipitate is  insoluble  in  nitric  acid  and  in  ammonium  hydroxide. 

Uses. — Potassium  iodide  is  used  largely  in  medicine. 

Potassium  Tri-iodide,  Kla- — When  a  concentrated  solution  of  potassium  iodide 
is  saturated  with  iodine,  a  dark-brown  liquid  is  formed,  which,  when  evaporated 
at  ordinary  tenijx'ratures  over  sulphuric  acid,  yields  nearly  black,  acicular  crystals, 
possessing  a  metallic  lustre.  These  crystals  are  very  deliquescent,  melt  at  45**. 
and  at  100°  decompose  into  potassium  iodide  and  iodine.  The  solution  of  these 
crystals  is  a  useful  reagent  for  alkaloids.  It  usually  gives  brown  precipitates  solu- 
ble in  alcohol. 

POTASSIUM    AND   OXYGEN. 

Only  a  single  oxide  that  forms  a  corresponding  hydroxide  is  known,  viz.,  KgO, 
potassium  monoxide.  K4O,  K20a,  and  K2O4  have  also  been  obtained,  but  are 
unstable  and  change  into  the  monoxide. 

Potassium  Oxide,  K2O,  is  obtained,  together  with  some  fjeroxide.  by.  heating 
the  metal  in  dry  air.  When  this  mixture  is  strongly  heated,  it  evolves  oxygen  and 
the  monoxide  remains.  It  is  also  prepared  by  heating  the  metal  with  potassium 
hvdroxide : 

2K()H       .      Ka  2K2O    -:      Ha. 

The  oxide,  when  pure,  is  a  white  powder  or  brittle  mass;  it  fuses  at  a  high  tem- 
perature and  volatilizes  somewhat.     Its  affinity  for  water  is  so  intense  that  when 
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DioiBtened  with  that  liijuid  it  becomes  red-hot.  Potassium  hydroxide  is  the  result 
of  this  combination  with  water. 

Potassium  Peroxide,  KaOi,  is  obtained  when  the  metal  is  heated  with  an  excess 
of  oxygen.  It  is  a  yellow  mass  which  gives  up  oxygen  when  heated  to  whiteness. 
On  treatment  with  water,  it  dissolves,  with  the  formation  of  potassium  hydroxide, 
hydrogen  peroxide,  and  oxygen. 

The  blue  compound  which  is  formed  when  potassium  is  burned  with  an  insuf- 
ficient amount  of  air  is  the  suboxide,  KtO. 

Potassium  Hydroxide,  KOH.  Potassii  Hydroxidum,  U.S.P.— This 
compound,  which  is  also  known  as  potassium  hydrate  and  caustic  pot- 
ash, appears  to  have  been  first  observed  by  Geber  in  the  eighth  century, 
and  was  considered  to  be  an  element  until  Davy  demonstrated  its  com- 
pound nature  in  1807. 

Preparation. — Potassium  hydroxide  is  prepared  by  slaking  3  parts  of  calcium 
oxide  with  a  small  (quantity  of  water,  and  tnen  rubbing  to  a  fine  powder  with  lo 
parts  of  water.  This  is  added  in  small  portions  at  a  time  to  4  parts  of  potassium 
carbonate,  previously  dissolved  in  15  to  20  parts  of  water.  The  mixture  is  then 
heated  to  the  boiling  point  for  twenty  minutes,  the  heat  removed,  and  the  vessel 
closely  covered  untiltne  liquid  has  settled  clear.  Water  must  be  added  from  time 
to  time  during  the  heating,  for  if  the  solution  become  too  concentrated,  a  reverse 
reaction  sets  m.  The  operation  is  known  to  be  complete  when  a  portion  of  the 
clear  solution  gives  no  effervescence  on  supersaturating  with  an  acid.  The  reaction 
which  takes  pmce  in  the  formation  of  the  nydroxlde  is  as  follows  : 


Ca(OH)a 
Caklom 
HydroiLlde. 


CaCO*. 


further  concentration  must  be  conducted  in  a  silver  vessel.  When  the  liquid  has 
assumed  an  oily  consistence  and  a  drop  removed  on  a  glass  rod  solidifies  on 
cooling,  it  is  poured  into  silver  moulds.   The  moulds  are  illustrated  in  Fig.  107. 

Potassium  hydroxide  is  also  obtained  as  one  of  the  products  in  the  electrolytic 
iiroduction  of  chlorine.  (See  page  706.)  In  order  to  ODtain  a  product  free  from 
aluminum  hydroxide,  sulphates,  and  chlorides,  i  part  of  the  potassium  hydroxide 
is  dissolved  in  from  3  to  4  parts  of  highly  rectified  alcohol,  the  clear. liquid  de- 
canted from  the  sediment,  boiled  down  in  a  silver  dish,  and  cast  in  moulds  as 
before.  -A  still  purer  potassium  hydroxide  is  sometimes  prepared  by  adding 
metallic  potassium  to  water. 
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Properties. — Potassium  hydroxide,  when  pure,  is  a  white,  crystalline, 
brittle  solid.  It  is  odorless,  and  has  a  sharp,  caustic  taste  and  an  alka- 
line reaction.  It  is  soluble  in  0.4  part  of  water  at  25®,  and  in  2  parts  of 
alcohol ;  it  is  very  soluble  in  boiling  water  and  in  boiling  alcohol.  When 
heated  to  a  temperature  of  530®,  it  melts  to  a  clear  oily  liquid,  and  at  a 
bright  red  heat  it  is  volatilized  unchanged.  It  absorbs  carbon  dioxide 
and  water  from  the  air,  and  dissolves  in  the  latter  with  evolution  of  heat. 
When  the  concentrated  aqueous  solution  is  cooled,  a  compound  contain- 
ing two  molecules  of  water,  KOH.2H2O,  crystallizes  out  in  tabular  or 
octahedral  crystals.  The  solution  in  alcohol  rapidly  assumes  a  dark- 
yellow  to  brown  color,  and  in  the  presence  of  air  there  are  formed  acetic 
acid,  aldehyde,  and  aldehyde  resin. 

The  Liquor  Potassii  Hydroxidi  of  the  Pharmacopoeia  contains 
about  5  per  cent,  of  the  hydroxide  and  has  a  specific  gravity  of  about 
1.036.  The  official  process  directs  this  to  be  made  by  solution  of  60 
gm.  of  KOH  in  water  to  make  1000  gm.  It  can  also  be  made  by  boil- 
ing potassium  bicarbonate,  lime,  and  water. 

The  commercial  caustic  potash  usually  contains  from  75  to  90  per 
cent,  of  absolute  potassium  hydroxide  and  10  to  25  per  cent,  of  water. 

OXYGEN   SALTS   OF   POTASSIUM    AND  THE  HALOGENS. 

Potassium  Hypochlorite,  KCIO,  is  known  only  in  solution.  It  is  the  active  in- 
gredient in  *'Eau  de  Javelle, "  which  is  prepared  by  passing  chlorine  into  cold 
dilute  solution  of  potassium  carbonate  or  hydroxide.  The  result  is  a  solution  of 
potassium  hypochlorite  and  chloride.  This  solution  was  formerly  much  used 
tor  bleaching  purposes. 

Potassium  Chlorate,  KCIO3.  Potassii  Chloras,  U.S.P. — ^This  salt 
was  discovered  and  first  prepared  by  Berthollet  in  1786. 

Preparation. — The  simplest  method  of  preparing  potassium  chlorate  on  a 
small  scale  is  by  passing  chlorine  into  a  strong,  hot  solution  of  potassium  hydroxide: 

6K0H    f     3CI2      ^     5KCI     -f     KCIO3     -f     3HaO. 

Owing  to  the  formation  at  the  same  time  of  a  considerable  quantity  of  potassium 
chloride,  this  is  rather  an  expensive  process,  and  on  a  commercial  scale  other 
methods  have  been  introduced. 

The  commercial  production  of  potassium  chlorate  is  accomplished  by  treating 
milk  of  lime  with  an  excess  of  chlorine  in  a  vessel  in  which  the  mixture  is  con- 
stantly agitated.    The  result  is  calcium  chlorate  and  chloride,  as  follows  : 

6Ca.(OH)2       -i        6CI2       -^        5CaCl2       -^       Ca(C10s)2       -f       6HaO. 
Calcium  Hydroxide.  Chlorine.        Calcium  Chloride.       Calcium  Chlorate.  Water. 

After  allowing  the  mixture  to  settle,  the  clear  liquid  is  drawn  off  and  evaporated 
with  potassium  chloride  to  a  specific  gravity  of  1.28,  when  the  following  reaction 
takes  place  between  the  calciimi  chlorate  and  the  potassium  chloride  : 

.^     Ca(C108)2     -f     2KCI     ^     2KCIO8     +     CaCla. 

The  potassium  chlorate,  being  rather  insoluble  in  water,  crystallizes  out,  and, 
after  separation,  it  is  purified  by  dissolving  in  hot  water  and  recrystallizing. 

It  has  been  proposed  to  use  magnesium  oxide  suspended  in  water  instead  of 
milk  of  lime,  on  account  of  the  resulting  magnesium  chloride  having  less  solvent 
action  on  the  potassium  chlorate  than  is  poss^sed  by  the  calcium  chloride. 
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Potassium  chlorate  is  also  prepared  by  electrolysis.  When  anodes  and  cathodes 
are  placed  opposite  each  other  in  a  solution  of  potassium  chloride,  but  without 
being  separated  by  a  porous  diaphragm,  the  electric  current  gives  rise  to  the 
formation  of  potassium  hypochlorite.  If  the  solution  of  this  compound  be  boiled, 
or  if  the  electrolysis  be  carried  out  with  warm  solutions,  potassium  chlorate  is 
obtained: 

3KCIO         =         KCIO3         -f  2KCI. 

Potassium  Hypochlorite.      Potassium  Chlorate.        Potassium  Chloride. 

In  1 901  seven  electrolytic  chlorate  works  in  Europe  produced  9000  tons  of 
electrolytic  chlorate.  It  is  also  manufactured  successfully  at  Niagara  Falls  by 
electrolytic  methods. 

Properties. — Potassium  chlorate  occurs  in  colorless,  lustrous,  mono- 
clinic  prisms  or  plates,  or  a  white  granular  powder,  odorless,  and  having 
a  cooling,  characteristic  taste.  Permanent  in  the  air.  Soluble  in  16 
parts  of  water  at  25°  and  in  1.7  parts  of  boiling  water;  insoluble  in 
absolute  alcohol  and  but  slightly  soluble  in  diluted  alcohol. 

When  heated  to  334®  the  salt  melts,  and  at  352^  it  commences  to 
decompose  into  oxygen,  potassium  chloride,  and  perchlorate.  At  about 
400®  the  perchlorate  is  decomposed,  with  further  evolution  of  oxygen, 
potassium  chloride  only  remaining. 

Uses. — One  of  the  principal  uses  of  potassium  chlorate  is  in  the  prep- 
aration of  oxygen  on  a  small  scale.  It  is  also  largely  employed  as  an 
oxidizing  agent  in  calico-printing.  In  the  manufacture  of  colored 
fires  this  salt  plays  an  important  part.  It  has  considerable  use  in 
medicine,  especially  in  diseases  of  the  throat. 

Potassium  chlorate  should  never  be  ground  or  rubbed  with  organic 
substances  or  with  sulphur,  as  violent  explosions  are  almost  sure  to 
occur.  In  case  it  is  necessary  to  make  such  mixtures,  the  ingredients 
should  be  powdered  separately  and  then  carefully  mixed  without  friction. 

Mixtures  of  potassitmi  chlorate  and  ammonium  chloride  have  exploded 
violently  after  standing  for  some  time. 

Colored  fires  are  made  by  taking  25  to  50  parts  of  potassium  chlorate 
and  25  parts  of  powdered  sugar  or  shellac  as  a  base;  to  this  mixture  are 
added  25  parts  of  strontium  nitrate  for  red,  25  parts  of  barium  nitrate 
for  green,  10  parts  of  copper  nitrate  for  blue,  and  10  parts  of  sodium 
nitrate  or  chloride  for  yellow.  Sulphur  may  be  used  in  place  of  sugar 
or  shellac,  but  the  resulting  powder  is  more  liable  to  decompose  with 
combustion  or  explosion. 

Potassium  Perchlorate,  KCIO4,  is  prepared  by  heating  potassivun  chlorate  to 
352®,  when  it  is  decomposed  into  perchlorate,  chloride,  and  oxygen;  the  oxygen 
escapes,    and   the  two   salts  remain    behind   as  a   pasty  mass.     This  is  coofed, 

?3waered,  and  treated  with  cold  water,  which  removes  the  potassitun  chloride, 
he  undissolved  residue  is  digested  with  warm  hydrochloric  acid  to  decompose 
chlorate  and  convert  it  into  chloride,  which  is  then  washed  out  with  cold  water. 
The  residue  consists  of  nearly  pure  perchlorate. 

The  perchlorate  is  one  of  the  most  insoluble  of  potassium  salts,  requiring  65 
parts  of  cold  and  5.04  parts  of  boiling  water  to  dissolve  it.  It  is*  practically  insol- 
uble in  alcohol. 

Potassium  BromaUt  KBrOs. — ^When  bromine  is  added  to  potassium  hydroxide, 
the  following  reaction  takes  place: 


6KOH     +     3  Bra    -__-     KBrOa    -f     sKBr     -f     aHaO. 


/^A 


\^J<    -■> 
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It  may  be  more  economical  to  pass  chlorine  into  a  hot  solution  of  potassiuni 
bromide  and  hydroxide,  as  follows: 

KBr     -r     6KOH     +     3CI8    -=     KBrOs     +     6KC1     +     sHaO. 

The  bromate  crystallizes  out  on  concentrating  and  cooling. 

Another  convenient  method  of  pre|>aration  is  to  decompose  barium  bromate 
with  potassium  sulphate;  the  mixture  is  heated  to  the  boiling  point,  the  insoluble 
barium  sulphate  is  removed  by  filtration  from  the  solution  of  potassium  bromate, 
and  the  latter  allowed  to  cool  and  crystallize.  The  salt  occurs  in  six-sided  plates 
or  prisms,  and  is  quite  insoluble  in  cold  water. 

Potassium  lodate,  KIOs. — ^When  chlorine  is  passed  into  cold  water  holding 
iodine  in  suspension  until  the  latter  disappears,  iodine  monochloride,  ICl,  is 
formed;  to  this  is  added  the  molecular  proportion  of  potassium  chlorate  and  the 
mixture  warmed,  when  chlorine  is  evoivea  and  potassium  iodate  separates  out 
in  cubical  crystals: 

ICl     +     KClOs     ^     KIOs     -f     Cla. 

The  salt  is  soluble  in  i^  parts  of  cold  water,  and  decomposes,  when  strongly 
heated,  into  potassium  iodide  and  oxygen. 

Potassium  PeriodcUe,  KIO4,  is  prepared  by  passing  chlorine  into  a  mixture  of 
potassium  iodate  and  hydroxide.  The  salt  separates  out  in  small  rhombic  crystals, 
and  requires  300  parts  of  cold  water  for  solution.  Between  350^  and  300°  it  oecom- 
poses  into  potassium  iodate  and  oxygen,  and  at  a  higher  temperature  it  parts 
with  all  of  its  oxygen,  leaving  a  residue  of  potassium  iodide. 

POTASSIUM    AND    SULPHUR. 

Potassium  Monosulphide,  KjS.  '         Potassium  Tetrasulphide,  K^^. 
Potassium  Bisulphide,  KjSj.  Potassitmi  Pentasulphide,  K^S^. 

Potassium  Trisulphide,  KjSj.  "^  Potassium  Hydrosulphide,  KSH. 

Potassium  Monostdphide,  KgS,  is  prepared  by  heating  to  redness  in  a  well-cov- 
ered vessel  an  intimate  mixture  of  7  parts  of  potassium  sulphate  and  2  parts  of 
finely  powdered  charcoal,  when  the  following  reaction  takes  place  : 

KaS04     4-     4C     ^     KaS     +     4CO. 

The  same  compound  is  obtained  when  one  volume  of  potassium  hydroxide  so- 
lution is  saturated  with  hydrogen  sulphide  and  then  mixed  with  an  equal  volume 
of  the  same  strength  of  potassium  hydroxide  solution  : 


KOH    -[ 

H2S 

-     KSH 

1-     HaO. 

KSH      ^ 

KOH 

KaS 

■■■     HaO. 

Properties. — When  potassium  monosulphide  is  treated  with  a  small  propor- 
tion of  water,  it  dissolves  unchanged,  and  will  crystallize  from  its  solution  with 
5  molecules  of  water.  When,  however,  it  is  treated  with  a  larger  quantity  of  water, 
it  decomposes  into  the  hydrosulphide  and  hydroxide,  as  follows: 

KaS      ^      HaO       -     KSH     -f     KOH. 

On  the  application  of  heat  it  melts  to  a  black  liquid,  which  cools  to  a  reddish. 
crystalline  mass. 

Potassium  Hydrosulphide ^  KSH,  is  formed  when  hydrogen  sulphide  is  passed 
into  a  solution  of  potassium  hydroxide;  by  evaporating  this  solution  in  a  vacuum. 
crystals  are  formed  containing  i  i  molecules  01  water. 

The  remaining  potassium  sulphides  may  be  appropriately  termed  polysulphidefl, 
and  may  be  formed  by  heating  the  monosulphiae  with  the  molecular  proportion 
of  sulphur,  observing  at  the  same  time  the  proper  degree  of  heat. 
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The  preparation  formerly  official  as  Potassa  Sulphurata,  is  a  mixture 
of  polysulphides  with  potassium  sulphate  and  thiosulphate.  It  is 
prepared  by  fusing  together  sulphur  and  potassium  carbonate.  When 
fresh  it  forms  irregular  pieces  of  a  liver-brown  color,  which,  by  exposure 
to  the  air,  gradually  absorb  moisture,  oxygen,  and  carbon  dioxide,  and 
change  to  a  greenish-yellow  and  finally  to  a  gray  mass  containing 
potassiimi  carbonate,  hyposulphite,  and  sulphate.    (Also  see  page  211.) 

OXYGEN    SALTS   OF   POTASSIUM    AND   SULPHUR. 

Potassium  Sulphite^  K9SOS.2H8O. — The  salt  of  this  formula  is  the  normat 
potassium  sulphite.  It  is  prepared  by  passing  sulphur  dioxide  into  a  solution  of 
potassium  carbonate  imtil  the  mixture  reacts  strongly  acid  : 

KaCOs     H-     2SO2     -     H2O     ^     2KHSO8     -I-     CO2. 

To  this  solution  potassium  carbonate  is  added  to  a  neutral  or  faintly  alkaline 
reaction.  The  slight  excess  of  sulphur  dioxide  forms  the  acid  sulphite,  which,  on 
the  addition  of  the  carbonate,  is  converted  into  neutral  or  normal  sulphite,  as 
follows : 

2KHSO8      }      K2CO3       -     2K8SO3      f     COa  H2O. 

The  solution  is  concentrated  without  much  heat,  and  monoclinic  octahedral 
crystals  separate. 

Potassium  sulphite  is  somewhat  deliquescent,  odorless,  and  has  a  bitter,  saline, 
sulphurous  taste.  It  has  a  neutral  or  feebly  alkaline  reaction.  It  is  more  soluble 
in  cold  than  in  hot  water,  requiring  4  parts  of  water  at  1 5°  and  5  parts  of  boiling 
water  for  solution ;  alcohol  has  very  slight  solvent  action.  On  the  application  of 
beat,  the  salt  loses  its  water  of  crystallization,  amounting  to  18.^  per  cent.  At  a 
higher  temperature,  decomposition  takes  place,  with  the  formation  of  potassium 
sulphate,  sulphite,  and  hydroxide ;  the  residue,  therefore,  has  an  alkaline  reaction. 

Acid  Potassium  Sulphite^  KHSOs,  is  prepared  from  potassium  carbonate  and 
sulphur  dioxide,  according  to  the  equation  given  under  the  normal  sulphite.  It 
forms  in  monoclinic  prisms,  but  by  adding  alcohol  to  the  concentratea  aqueous 
solution,  it  may  be  obtained  in  acicular  crystals.  The  salt  is  very  soluble  in  water, 
has  a  neutral  or  slightly  alkaline  reaction,  and  emits  the  odor  of 'sulphur  dioxide. 
On  exposure  to  air  it  gradually  changes  to  sulphate. 

Potassium  Disulphite,  or  PyrostUphtte,  KsSsOs,  is  formed  when  sulphur  dioxide 
is  passed  into  a  hot  saturated  solution  of  potassium  carbonate  until  effervescence 
ceases  and  the  liquid  assumes  a  greenish  tinge.  On  cooling,  the  salt  separates  in 
granular  crystals.  It  is  difficultly  soluble  in  water,  and  has  an  acid,  disagreeable 
taste. 

Potassium  Sulphate,  K^SO^.  Potassii  Sulphas,  U.S.P.— This  salt 
has  been  known  since  the  fourteenth  century.  It  occurs  in  many 
mineral  waters,  in  sea  water,  and  in  the  ashes  of  many  plants.  The 
chief  locality  of  its  occurrence  is  in  the  Stassfurt  salt-beds.  Kainite  is  a 
double  sulphate  of  potassium  and  magnesitun  with  magnesitun  chloride, 
K2SO4.MgSO4.MgCl2.5H2O;  Schoenite  is  a  double  sulphate  of  potassium 
and  magnesium,  K2SO4.2MgSO4.6H2O. 

These  two  minerals  form  the  chief  sources  of  the  salt.  It  may  be 
obtained  as  a  by-product  in  the  manufacture  of  nitric  acid  from  po- 
tassium nitrate  and  sulphuric  acid,  in  the  manufacture  of  potassium 
bichromate,  in  the  decomposition  of  potassium  tartrate  by  calcium 
sulphate,  in  the  manufacture  of  sulphuric  acid,  and  in  the  manufacture 
of  potassium  carbonate  from  potassium  chloride  in  the  Leblanc  process. 
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Preparation. — In  the  preparation  of  the  salt  from  kainite,  the  mineral  is  ex- 
posed to  the  air  until  the  more  soluble  magnesium  chloride  deliquesces  and  runs 
off.  The  remaining  salt  is  dissolved  in  boiling  water,  which  decomposes  it,  and, 
on  cooling,  the  less  soluble  potassium  sulphate  crystallizes  first. 

Properties. — Potassium  sulphate  occurs  in  *'hard,  colorless,  trans- 
parent, six-sided,  rhombic  prisms  terminated  by  pyramids,  or  a  white 
powder,  odorless,  and  having  a  somewhat  bitter,  saline  taste.  Per- 
manent in  the  air.  Soluble  in  about  9  parts  of  water  at  25°,  and  in  4 
parts  of  boiling  water;  insoluble  in  alcohol.  When  heated  the  crystals 
decrepitate.  At  a  bright  red  heat  they  fuse,  and  at  a  white  heat  the 
salt  suffers  partial  decomposition.  The  aqueous  solution  is  neutral  to 
litmus  paper."     The  specific  gravity  of  the  crystals  is  2.648. 

Potassium  sulphate  has  some  uses  in  medicine,  and  it  is  extensively 
employed  in  the  preparation  of  potash  alum  and  potassium  carbonate. 

Acid  Potassium  Sulphate  (Potassium  Bisulphate),  KHSO4. — ^This  salt  is  found 
native  in  the  Grotto  del  Sofo.  near  Naples,  in  the  form  of  long  acicular  crystals. 
Its  usual  source  and  method  of  preparation  are  from  the  residue  of  the  manufacture 
of  nitric  acid  from  potassium  nitrate  when  an  excess  of  sulphuric  acid  has  been 
used. 

When  the  salt  is  separated  from  an  acid  solution,  it  is  obtained  in  the  form  of 
tabular  rhombic  crystals,  which  are  easily  soluble  in  water.  From  dilute  solu- 
tions of  the  acid  sulphate  the  neutral  sulphate  crystallizes;  following  this,  as 
the  solution  is  concentrated,  there  separates  a  salt  having  the  composition  K^04 
KHSO4,  and  then  the  acid  salt  crystallizes.  From  this  it  appears  that  in  dilute 
solution  the  acid  salt  is  dissociated  into  neutral  potassiimi  sulphate  and  sulphuric 
acid.  This  is  also  observed  when  the  acid  salt  is  mixed  with  alcohol:  a  decom- 
position takes  place,  the  neutral  sulphate  separates,  while  the  sulphuric  acid  passes 
into  solution  in  the  alcohol. 

Acid  potassium  sulphate  fuses  at  200®,  and  above  that  temperature  is  con- 
verted into  potassium  pvrosulphate,  K2S2O7.  This  salt  at  a  temperature  of  600* 
decomposes  into  neutral  sulphate  and  sulphur  trioxide. 

Potassium  pyrosulphate  crystallizes  in  long  needles,  and  when  brought  in  contact 
with  water  evolves  much  heat  and  is  converted  into  the  acid  sulphate. 

Acid  Potassium  Disulphate,  KHS2O7,  is  formed  when  the  pyrosulphate  is  dis- 
solved in  fuming  sulphuric  acid,  and  from  this  liquid  it  is  deposited  in  transparent 
prismatic  crystals. 

Acid  potassium  sulphate  is  useful  as  a  flux,  because  in  this  way  it  is  possible 
to  bring  sulphuric  acia  in  contact  with  many  bodies  at  a  temperature  considerably 
above  its  boiling  point. 

OXYGEN  SALTS  OF  POTASSIUM  AND  NITROGEN. 

Potassium  Nitrate  (Saltpetre,  Nitre),  KNO3.  Potassii  Nitras, 
U.S. P. — Saltpetre  was  known  in  the  eighth  century.  It  is  very  widely 
distributed  in  nature,  mixed  more  or  less  with  other  salts,  chiefly  calcium 
nitrate.  It  is  found  most  abundantly  in  the  warm  climates  of  India, 
Egypt,  Hungary,  and  South  America.  Formerly  most  of  the  salt  came 
from  India.  It  is  made  there  by  collecting  the  efflorescence  from  stables 
and  other  places  where  nitrogenous  matter  is  undergoing  decomposition 
with  free  access  of  air.  This  efflorescence  is  obtained  from  large  heaps 
of  manure  on  which  urine  is  poured  daily.  As  the  surface  dries  and 
shows  the  presence  of  the  salt,  it  is  removed,  and  this  process  is  repeated 
until  the  bed,  after  two  or  three  years,  becomes  exhausted.  The  crude 
liquois  are  treated  with  potassium  carbonate,  which  precipitates  the 
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calcium,  and  the  clear  liquid  is  separated  and  concentrated  to  crystal- 
fise. 

The  greatest  production  of  salt  now  is  from  Chile  saltpetre,  sodium 
nitrate,  by  double  decomposition  with  potassium  chloride,  as  follows: 

^^    NaNOa        +        KCl        =        KNOa        -f         NaCl. 

Sodium  Potassium  Potassium  Sodium 

Nitrate.  Chloride.  Nitrate.  Chloride. 

The  potassium  nitrate  so  obtained  is  known  as  ''conversion  saltpetre." 
The  hot  saturated  solutions  of  these  two  salts  are  mixed  and  concen- 
trated until  the  solution  reaches  a  specific  gravity  of  1.5,  when  the 
sodium  chloride,  being  no  more  soluble  in  hot  than  in  cold  water,  sepa- 
rates out  and  is  removed.  The  liquid  is  then  drawn  off  and  allowed  to 
cool,  when  the  potassium  nitrate  crystallizes  in  fine  powder.  This  is 
removed  and  washed  with  a  small  quantity  of  cold  water,  which  removes 
the  last  of  the  sodium  chloride.  The  salt  is  then  purified  by  recrystal- 
lization. 

In  order  more  fully  to  explain  this  method  of  preparing  the  salt,  the 
Following  solubilities  are  given  : 

15*.  I00*». 

100  parts  of  water  dissolve  KNOa  •  .  .36       parts.  247       parts. 

100  parts  of  water  dissolve  NaNOa  .  .     86.3  parts.  168.3  parts. 

100  parts  of  water  dissolve  KCl      .  .  .     33.4  parts.  56.6  parts. 

X 00  parts  of  water  dissolve  NaCl    .  .  .36       parts.  39.2  parts. 

Properties. — Potassium  nitrate  occurs  in  "colorless,  transparent, 
six-sided,  rhombic  prisms,  or  a  white  crystalline  powder,  odorless,  and 
having  a  cooling,  saline,  and  pungent  taste.  Slightly  hygroscopic  in 
moist  air.  Soluble  in  3.6  parts  of  water  at  25°,  and  in  0.4  part  of  boiling 
water;  very  sparingly  soluble  in  alcohol.  When  heated  to  353*^,  the 
salt  melts.  At  a  higher  temperature  it  is  decomposed,  giving  off  oxygen 
at  first,  and  then  some  of  its  nitrogen,  leaving  a  residue  of  potassium 
nitrate,  nitrite,  and  oxide.  Thrown  on  red-hot  coals,  the  salt  deflagrates. 
The  aqueous  solution  is  neutral  to  litmus  paper.** 

Uses. — Potassium  nitrate  is  used  in  medicine  and  as  a  preservative; 
in  the  latter  capacity  it  enters  into  the  composition  of  most  of  the  meat 
preservatives,  boric  acid,  borax,  and  sodium  carbonate  being  the  other 
compounds  usually  associated  with  it.  The  chief  use  of  potassium 
nitrate  is  in  the  manufacture  of  gunpowder.  The  average  composition 
of  gunpowder  is  as  follows: 

Potassium  nitrate 74.9  parts. 

Charcoal 13.3  parts. 

Sulphur 1 1. 8  parts. 

100. o  parts. 

In  actual  practice  the  composition  varies  somewhat  from  the  above, 
since  charcoal  is  not  a  uniform  substance,  consequently  the  character 
of  the  charcoal  used  in  each  case  must  be  taken  into  account.  The 
amount  of  the  constituents  is  also  varied  according  to  the  purposes  to 
which  the  powder  is  to  be  applied. 
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Potassium  Nitrite,  KNOa. — ^This  salt  is  usually  prepared  by  fusing  in  an  iroii 
vessel  I  part  of  potassium  nitrate,  to  which  are  then  added,  in  small  portions  at 
a  time,  a  parts  of  powdered  metallic  lead;  the  latter  is  rapidly  oxidized,  as  follows: 

KNOa     -f     Pb     =     KNOa     -f     PbO. 

On  cooling,  the  mass  is  treated  with  water,  and  from  the  solution  of  the  potas- 
sium nitrite  any  lead  is  removed  by  carbon  dioxide.  The  solution  is  then  concen- 
trated to  a  small  bulk  and  the  undecomposed  nitrate  allowed  to  cryst^ize  out. 
The  clear  solution  of  now  nearly  pure  nitrite  is  next  evaporated  to  dryness,  which 
yields  the  salt  in  masses  of  small,  indistinct  crystals.  It  is  deliquescent  in  moist 
air,  but  nearly  insoluble  in  alcohol.  It  usually  comes  in  commerce  in  sticks  of  a 
yellowish  color. 

OXYGEN  SALTS  OF  POTASSIUM  AND  PHOSPHORUS. 

There  are  three  potassium  salts  of  orthophosphoric  acid. 

Tripotassium  Ortho phosphate,  KaPOi,  is  prepared  by  heating  to  redness  phos- 
phoric acid  and  potassium  carbonate  or  hydroxide.  It  is  readily  soluble  in  water, 
and  separates  in  small,  colorless,  acicular  crystals. 

Dipotassium  Ortho phosphate,  KaHPOi. — This  salt  is  formed  when  orthophos- 
phonc  acid  is  neutrahzed  with  potassium  carbonate.  The  resulting  compound  is 
difficult  to  crystallize. 

Monopotasstum  Ortho phosphate,  KHaPOi,  is  produced  when  the  above  dipotas- 
sium  compound  is  heated  with  an  excess  of  orthophosphoric  acid.  It  usually 
separates  m  large,  colorless,  rhombic  crystals. 

There  are  two  potassium  salts  of  pyrophosphoric  acid,  according  as  two  or  four 
atoms  of  hydrogen  are  replaced  by  tne  base. 

Potassium  Pyrophosphate,  KiPaO?,  is  obtained  by  neutralizing  pyrophosphoric 
acid  with  potassium  hydroxide,  or,  perhaps  more  conveniently,  oy  heating  the 
dipotassium  orthophosphate  to  redness.  It  is  a  deliquescent-salt,  which  sep>arates 
from  solution  in  fibrous  crystals  containing  three  molecules  of  water. 

Dipotassium  Pyrophosphate.  KaH2P207. — This  is  the  acid  salt,  and  is  prepared 
by  dissolving  the  neutral  salt  in  acetic  acid  and  precipitating  with  alcohol. 

Potassium  M  eta  phosphate,  KPOa,  is  preparea  by  heating  the  monop)otassium 
orthophosphate  to  redness.  As  thus  obtained  it  is  in  translucent  masses,  nearly 
insoluble  m  water,  but  readily  soluble  in  dilute  acids.  Although  monobasic, 
metaphosphoric  acid  possesses  the  property  of  polymerization,  so  that  there  are 
at  least  five  compounas  of  potassium  with  the  acid,  having  the  following  formulas: 
KPOa,  meta phosphate;  KaPaOe,  dimetaphosphate;  KaPaOe,  trimetaphosphate,  etc. 

Potassium  Hypo  phosphite,  KHjPO.^.  Potassii  Hypophosphis,  U.S. P. 

— This  salt  is  prepared   by   decomposing  calcium   hypophosphite  with 
potassium  carbonate,  as  follows  : 


Ca(HaP02)a 

KaCOa 

2KHaPOa 

-\- 

CaCOs. 

Calcium 

Potassium 

Potassium 

Calcium 

Hypophosphite. 

Carbonate. 

Hypophosphite. 

Carbonate. 

The  details  of  the  process  arc  to  add  5.75  parts  of  potassium  carbonate 
in  8  parts  of  water,  to  6  parts  of  calcium  hypophosphite  in  64  parts  of 
water,  allow  to  stand  until  the  precipitate  settles,  filter,  and  evaporate 
the  filtrate  at  a  temperature  not  exceeding  100°  until  granulation  is 
eflfected.  By  failing  to  keep  below  the  temperature  specified  an  explosion 
is  liable  to  occur.  The  product  is  purified  by  dissolving  in  alcohol, 
evaporating  to  a  syrupy  consistence,  and  crystallizing. 

Potassium  hypophosphite  occurs  in  "white,  opaque,  hexagonal  plates, 
or  crystalline  masses,  or  a  granular  powder,  odorless,  and  having  a  ptin- 
gent,  saline  taste;    very  deliquescent.     Soluble   at  25°  in  0.5    part  of 
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water  and   in  seven    parts  of  alcohol,  in  0.3  part  of  boiling  water 

and    in   3.6    parts    of    boiling    alcohol;     insoluble    in    ether.      When 

heated  in  a  dry  test-tube,  the  salt  at  first  loses  moisture,  and  then  evolves 

spontaneously  inflammable  hydrogen. phosphide  gas,  which  bums  with 

a  bright  yellow  flame." 

This  salt  should  not  be  rubbed  with  nitrates,  chlorates,  permanganates, 

or  other  oxidizing  agents,  as,  under  these  circumstances,  it  will  explode 

violently. 

OXYGEN  SALTS  OF  POTASSIUM  AND  BORON. 

Potassium  Metaborate,  KBOs.  is  formed  when  molecular  weights  of  boric  oxide 
and  potassium  carbonate  are  fused  together.  The  product  is  soluble  in  water 
and  crystallizes  with  difficulty. 

There  are  several  other  borates,  the  most  important  of  which  is  the  tetraborate 
KSB4O7.5H8O.  It  is  prepared  by  adding  potassium  hydroxide  to  a  solution  of 
boric  acid  until  an  alkalme  reaction  is  obtained.  This  compound  resembles  the 
corresponding  sodium  salt,  which  will  be  treated  more  fully. 

OXYGEN  SALTS  OF  POTASSIUM  AND  SILICON. 

Potassium  Silicate,  KsSiOs.  is  produced  when  amorphous  silica  or  silicic  acid  is 
dissolved  in  potassium  hydrate.  It  is  also  formed  when  silica  is  fused  with  potas- 
sium carbonate.  It  occurs  in  amorphous  vitreous  masses,  which  readily  deliquesce 
when  exposed  to  the  air  and  gradually  become  converted  into  a  transparent 
jelly,  which  then  shrinks  to  a  hard  mass.    . 

Potassium  TetrasUicate,  KsSiiOe. — ^This  is  the  soluble  potash  glass.  It  is  pre- 
pared by  fusing  together  45  parts  of  quartz  with  30  parts  of  potassium  carbonate 
and  3  parts  of  charcoal.  The  fused  mass  is  dissolved  in  5  times  its  weight  of  boil- 
ing water  and  concentrated  to  the  desired  strength. 

Potassium  Fluosilicaie,  KaSiFe.  is  prepared  by  precipitating  any  salt  of  potas- 
sium with  hydrofluosilicic  acid.  The  resulting  compound  is  quite  insoluble  in  cold 
water,  but  readily  dissolves  in  that  solvent  when  hot. 
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Potassium  Carbonate,  K^COj. — The  more  or  less  pure  carbonates  of 
potassium  are  known  as  potash,  pearlash,  and  salt  of  tartar,  according  to 
their  degree  of  purity. 

Source. — The  chief  sources  of  potassium  carbonate  are:  (i)  Wood- 
ashes,  (2)  beet-root  molasses,  (3)  sheep's  wool,  and  (4)  potassium  chloride 
and  sulphate. 

(i)  Wood-ashes.  All  land  plants  contain  potassium  salts,  and  these 
when  the  plants  are  burned,  are  almost  entirely  converted  into  carbonate. 
Russia,  America,  and  Hungary,  on  account  of  their  plentiful  supply  of 
timber,  furnish  most  of  the  carbonate  from  this  source. 

The  following  are  some  of  the  precentages  of  potassium  yielded  by 
different  woods: 


Pine 0.045 

Poplar 0-075 

Beech 0.145 


Oak 0.153 

Willow 0.285 

Elm 0.390 


In  America  much  lye  (a  solution  of  potassium  carbonate  and  hydroxide) 
is  made  in  a  small  way  by  those  who  use  wood  for  fuel.  The  apparatus 
in  which  this  is  accomplished  consists  of  a  square  wooden  hopper  or 
percolater  of  two  or  three  hundred  pounds  capacity,  in  the  bottom  of 
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which  is  placed  a  layer  of  straw,  then  a  layer  of  quick-lime,  and  then 
alternate  layers  of  ashes  and  quick-lime  to  the  top,  the  last  layer  being  a 
thick  one  of  ashes.  Water  is  poured  on  in  small  quantities  at  a  time  for 
a  week  or  so,  and  the  resulting  solution,  which  is  collected  underneath, 
consisting  of  potassium  carbonate  and  hydroxide,  is  used  for  the  manu- 
facture of  soft  soap. 

On  the  large  scale  the  lixiviation  is  carried  out  the  same  as  that  des- 
cribed above,  except  that  the  use  of  lime  appears  to  be  confined  to 
America.  Wood  is  usually  the  material  employed  for  procuring  the 
carbonate,  although  in  Eastern  Russia  grass,  the  green  portions  of 
potatoes,  and  other  vegetables  are  burned  for  their  ash. 

For  commercial  purposes  the  solution  resulting  from  the  Hxiviation 
of  the  ashes  is  evaporated  to  dryness  in  iron  pans,  and  the  dark-brown 
product  contains  from  6  to  12  per  cent,  of  water.  The  color,  which  is 
due  to  organic  matter,  is  removed  by  heating  the  salt  to  about  800®; 
the  mass  at  first  blackens,  but  slowly  becomes  white,  when  the  heat  is 
removed,  the  salt  cooled,  and  packed  immediately  in  air-tight  casks. 

Russian  potash  is  said  to  contain  from  50  to  60  per  cent,  of  potassium 
carbonate  and  some  hydroxide.  The  American  product  is  usually  purified 
by  solution  in  water,  re-evaporated  and  ignited,  when  it  contains  from 
75  to  90  per  cent,  of  absolute  carbonate;  it  is  then  known  as  pearlash. 
Most  of  the  potash  in  the  market  contains  more  or  less  sulphate,  some- 
times as  much  as  18  per  cent.  During  the  concentration  of  the  lye 
liquor  the  sulphate  crystallizes  out.  Formerly 'this  was  raked  out  and 
used  in  the  manufacture  of  alum. 

The  American  potash  is  chiefly  produced  in  Canada.  Birch  and 
maple  are  the  chief  woods  there  consumed  in  this  industry. 

(2)  When  the  molasses  from  beet-root  sugar  is  allowed  to  ferment 
and  is  then  distilled,  there  remains  a  residue  which  contains  30  to  35 
per  cent,  of  potassium  carbonate,  18  to  20  per  cent,  sodium  carbonate,  and 
smaller  amounts  of  chlorides,  sulphates,  and  insoluble  matter;  this  residue 
is  calcined,  dissolved  in  a  small  quantity  of  water,  and  the  clear  solution 
again  evaporated  and  calcined,  whereby  the  percentage  of  potassium 
carbonate  is  increased  to  an  amount  that  warrants  its  use  as  pearlash. 

(3)  Sheep's  wool  contains  a  relatively  large  amount  of  potassiimi  com- 
bined with  some  inorganic  acids,  but  chiefly  with  the  stearic,  oleic, 
palmitic,  and  benzoic  acids. 

When  the  wool  is  washed  these  compounds  go  into  solution,  and,  on 
evaporation  and  ignition,  the  residue  is  found  to  contain  about  30  per 
cent,  of  potassitmi  carbonate.  The  processes  of  solution,  evaporation, 
and  ignition  are  repeated,  whereby  the  percentage  of  potassium  car- 
bonate is  raised,  and  the  product  becomes  purer. 

(4)  Potassium  chloride  and  sulphate,  occurring  native  as  minerals  at 
Stassfurt,  Germany,  are,  perhaps,  the  greatest  sources  of  potassitmi 
carbonate  at  the  present  time.  By  a  process  similar  to  that  of  Leblanc, 
used  in  the  preparation  of  sodium  carbonate,  these  minerals  are  con- 
verted into  a  very  pure  carbonate. 
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Crude  potassitim  carbonate,  or  potash,  is  in  hard  solid  masses  or  coarse 
powder.  The  color  varies  from  whitish,  through  gray-greenish  and  blue, 
to  reddish-brown,  according  to  the  proportions  of  manganese  and  iron. 
The  purer  compound,  known  as  pearlash,  is  white  in  color.  All  the 
different  grades  absorb  moisture  from  the  air,  becoming  damp  and  then 
liquid. 

The  commercial  potash  contains  considerable  quantities  of  other  salts, 
chiefly  potassium  chloride,  sulphate,  and  silicate,  and  sodiiun  carbonate. 
There  is  also  present  more  or  less  hydroxide,  depending  on  the  method  of 
manufacture. 

The  pure  salt  is  official  under  the  name  of  Potassii  Carbonas.  It  is 
prepared  by  dissolving  the  impure  salt  in  an  equal  weight  of  water, 
allowing  to  stand  until  the  solution  clears,  and  then  decanting  the  clear, 
supernatant  liquid  on  a  filter;  the  filtrate  is  evaporated  in  an  iron  vessel 
until  it  thickens,  when  the  heat  is  moderated,  and  with  constant  stirring 
the  mass  is  brought  to  a  dry,  white,  granular  condition.  In  case  the 
product  does  not  respond  to  the  official  tests,  the  process  should  be 
repeated. 

Preparation. — The  chemically  pure  salt  is  prepared  by  making  an  intimate  mix- 
ture of  2  parts  of  purified  and  finely  powdered  potassium  bitartrate  with  i  part 
of  similarly  powdered  and  purified  potassium  nitrate.  On  bringing  a  hot  piece  of 
charcoal  in  contact  with  this  mass,  the  latter  ignites,  a  glow  running  through  the 
whole  of  it.  When  this  has  ceased,  heat  is  applied  for  some  time  in  order  to  dis- 
sipate sma^l  quantities  of  cyanogen  and  ammonitun  compotmds.  The  residue  is 
dissolved  in  a  small  quantity  of  water,  filtered,  evaporated,  and  granulated.  The 
operation  in  this  case  to  he  conducted  in  a  silver  dish.  The  product  retains  the 
name  of  salt  of  tartar  to  the  present  time,  indicating  the  source  from  which  it  was 
at  one  time  exclusively  obtained.  The  pure  salt  may  also  be  made  by  igniting 
crystallized  potassium  bicarbonate,  as  this  salt  is  capable  by  crystallization  of  being 
prepared  in  a  high  degree  of  purity;  a  superior  product  may  thus  be  obtained 
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Properties. — Potassium  carbonate  is  a  white,  dry,  grantdar  powder, 
without  odor,  and  possessing  a  strongly  alkaline  tast^.  It  is  very  deli- 
quescent, absorbing  moisture  readily  from  the  air;  soluble  in  0.91  parts 
of  water  at  25®,  and  in  0.65  part  of  boiling  water;  insoluble  in 
alcohol.  On  heating  to  130®,  the  salt  loses  the  adhering  moisture, 
which  should  not  be  more  than  5  to  8  per  cent.,  and  at  a  red  heat  it 
melts,  slowly  volatilizing  as  the  heat  is  increased  to  whiteness.  The 
solution  of  salt  reacts  strongly  alkaline  to  litmus,  and  effervesces  with 
acids. 

From  the  concentrated  aqueous  solution  crystals  separate,  having 
the  formula  K^COj.sH^O. 

Potassium  Bicarbonate,  KHCO3.  Potassii  Bicarbonas,  U.S.P. — 
On  passing  carbon  dioxide  into  a  concentrated  solution  of  the  normal 
carbonate,  the  acid  carbonate  crystallizes  out  according  to  the  following 
reaction. 

J/'        K«C09     +     COa     -h     HaO    =     aKHCOs. 

21 
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The  same  result  is  sometimes  accomplished  by  passing  the  carbon 
dioxide  over  the  moistened  pearlash.  The  product  by  either  process 
is  dissolved  in  water,  filtered  clear,  and  allowed  to  crystallize. 

Properties. — Potassium  bicarbonate  occurs  in  colorless,  transparent 
monoclinic  prisms.  It  is  without  odor,  and  has  a  saline  and  slightly 
alkaline  taste.  It  is  soluble  in  3  parts  of  water  at  25°,  and  in  1.9  parts 
at  50°.  Above  that  temperature,  in  aqueous  solution,  it  is  rapidly  de- 
composed into  normal  carbonate  and  carbon  dioxide.  It  is  insoluble 
in  alcohol.  When  first  dissolved  in  water  the  resulting  solution  has  a 
neutral  reaction,  but  on  standing  it  becomes  alkaline  owing  to  the 
formation  of  the  normal  carbonate. 

POTASSIUM     AND     CYANOGEN. 

Potassium  Cyanide,  KCN. — ^This  salt  is  prepared  by  taking  an  inti- 
mate mixture  of  8  parts  potassium  ferrocyanide  and  3  parts  potassium 
carbonate,  and  projecting  in  small  portions  at  a  time  into  a  red-hot  iron 
crucible,  when  the  following  reaction  takes  place: 


K4Fe(CN)e 

+ 

K2CO8 

5KCN 

KOCN 

-4- 

1 

COa       ^ 

Fc. 

Potassium 

Potassium 

Potassium 

Potassium 

Carbon 

Iron. 

Ferrocyanide. 

Carbonate. 

C>'anide. 

Cyanate. 

Dioxide. 

When  effervescence  has  ceased,  and  the  liquid  has  become  clear,  it 
is  poured  carefully  into  an  iron  dish  to  solidify.  • 

The  French  process,  which,  it  is  claimed,  will  yield  a  purer  product, 
consists  in  heating  the  potassium  ferrocyanide  alone  with  exclusion  of 
air  to  a  bright  red  heat: 

^         K4Fe(CN)e  4KCN         -j-         FeCa  Na. 

Potassium  Potassium  Iron  Nitrogen. 

Ferrocyanide.  Cyanide.  Carbide. 

By  the  fusion  of  the  ferrocyanide  with  metallic  sodium  a  mixture  of 
sodium  and  potassium  cyanide  is  obtained  which  is  used  technically  as 
"potassium  cyanide"  and  shows  an  apparent  strength  of  120  or  more 
per  cent.,  reckoned  as  KCN.  Castner's  process  now  extensively  used 
involves  the  passing  of  dry  ammonia  gas  over  metallic  sodium  at  a 
temperature  of  350°,  and  immediately  running  the  sodamidethus  formed 
through  red-hot  charcoal,  when  sodium  cyanide  is  formed. 

Properties. — Potassium  cyanide  occurs  either  in  white,  amorphous, 
opaque  pieces,  or  as  a  white,  granular  powder.  It  may  be  obtained  in 
regular  octahedrons  by  allowing  the  concentrated  aqueous  solution  to 
evaporate  over  sulphuric  acid  at  ordinary  temperatures.  When  per- 
fectly dry  it  is  odorless,  but  as  ordinarily  found  it  has  an  odor  of  hydro- 
cyanic acid,  owing  to  the  presence  of  moisture.  Its  taste  is  sharp, 
bitterish,  and  somewhat  alkaline.  The  salt  is  soluble  in  2  parts  of  water 
at  2  5°,  and  in  an  equal  weight  of  boiling  water ;  at  the  latter  temperature, 
however,  it  is  rapidly  decomposed.  It  is  sparingly  soluble  in  alcohol. 
When  exposed  to  damp  air,  the  salt  readily  deliquesces     The  aqueous 
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solution  has  an  alkaline  reaction.  When  heated  to  low  redness,  the 
salt  fuses,  and,  on  cooling,  solidifies  in  cubes.  It  is  decomposed  by  the 
weakest  acids,  even  carbonic  acid  being  able  to  displace  the  hydrocyanic 
radical.  Violent  explosions  occur  when  this  salt  is  mixed  with  nitric 
acid  or  with  potassium  chloride.  Potassium  cyanide  is  official  under 
the  name  of  Potassii  Cyanidum.  Its  use  in  medicine  is  limited.  In 
electro-metallurgy  and  in  photography  it  is  more  extensively  employed. 

Potassium  Cyanate,  KCNO. — When  equal  parts  of  j)otassium  ferro-cyanide 
and  manganese  dioxide  are  intimately  mixed,  and  fused  until  the  mass  begins  to 
soften,  potassium  cyanate  is  formed.  After  allowing  the  mass  to  cool  it  is  extracted 
with  80  per  cent,  alcohol,  and  this  solvent,  on  cooling,  deyxxsits  the  salt  in  trans- 
parent tabular  crystals.  It  is  readily  soluble  in  water  and  in  alcohol.  The  salt  in 
aqueous  solution  gradually  decomposes  into  water  and  potassium  bicarbonate. 
It  is  chiefly  used  in  the  preparation  of  organic  compounds. 

Potassium  Thiocyanate,  or  Sulphocyanatc,  KCNS. — This  salt  is  prepared  by 
gently  heating  together  46  parts  of  potassium  ferrocyanide,  1 7  parts  of  potassium 
carbonate,  and  32  parts  of  sulphur.  When  the  fused  mass  is  cooled  it  is  extracted 
with  hot  alcohol,  and  this  solvent  deposits  the  crystallized  salt,  on  cooling,  in 
long  striated  transparent  prisms. 

Potassium  thiocyanate  is  very  soluble  in  water  and  in  alcohol.  On  account  of 
the  deep  red  color  it  produces  with  ferric  salts,  it  becomes  a  delicate  test  for  them. 


SODIUM. 

Symbol,  Na.  Atomic  Weight,  22.88.  Valence,  1. 

History. — As  stated  under  the  preceding  element,  the  salts  of  sodium 
and  potassium  were  not  distinguished  from  each  other  until  1736.  Those 
of  sodium  were  probably  the  first  known.  Nitrum,  which  later  came 
to  be  a  name  for  saltpetre,  was  probably  in  earlier  times  applied  to  an 
impure  sodium  carbonate,  since  it  effervesced  on  application  of  vinegar. 
Sodium  chloride,  because  of  its  presence  in  sea  water,  was  known  in 
the  earliest  times. 

The  metal  sodium  was  discovered  by  Davy  in  1807,  in  the  same  manner 
as  potassium, — namely,  by  the  electrolysis  of  the  hydrate. 

Occurrence. — Sodium,  like  the  other  alkali  metals,  is  not  found  in 
nature  in  the  free  state;  but  in  combination  it  is  very  widely  distributed. 
Sodium  chloride  is  found  as  rock-salt  in  the  earth,  it  is  a  constituent  of 
sea  water,  of  the  water  of  many  mineral  springs,  and  it  is  universally 
distributed  in  animal  and  vegetable  organisms. 

Sodium  silicate  is  a  constituent  of  albite,  or  soda-feldspar,  (NaAlSigO^) , 
and  in  smaller  quantity  in  many  other  minerals.  The  nitrate,  as  Chile  salt- 
petre, is  found  in  the  warm  and  rainless  districts  of  Chile  and  Peru. 
Cryolite,  found  in  large  deposits  in  Greenland,  is  the  double  fluoride  of 
sodium  and  aluminum.  Sodium  carbonate  occurs  as  a  natural  deposit 
in  the  warm  and  rainless  districts  of  many  countries,  notably  in  Egypt, 
India,  South  America,  and  in  Wyoming  and  California;  in  the  latter 
places,  however,  it  is  usually  associated  with  larger  quantities  of  sodium 
sulphate  or  borate.  Smaller  quantities  of  the  sulphate  and  the  iodide 
are  found  in  sea  water. 
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Preparation. — Sodium  is  produced  by  the  electrolytic  apparatus  ot  Castiwr, 
described  under  potassium,  Fi^.  106  It  is  also  manufactured  on  a  large  scale 
by  a  process  of  Castner,  in  which  sodium  hydroxide  and  iron  carbide  are  heated 
together  to  Soo°,  when  sodium  distils  according  to  the  following  : 


■/S^-.    NaaCOg  tC  Nan      j       3CO. 

The  apparatus  hy  which  this  is  accomplished  is  shown  in  Fig.  108  A  chaijre 
for  this  apparatus  consists  of  30  kilograms  of  soda-ash,  ground  with  13  kilo- 
grams of    small  foal   and  3  kilograms  of  chalk.      This  is  placed   in  the  cylinder 


A,  which  is  1.2  meters  lone;  and 
to  a  wliite  heat.  Tlierc  is  not  t 
])rciwration  of  metallic  jxilassium. 

It  has  also  been  jiroposed  to  prejiare  sodium  by  electrolysis  directly  from  the 
chloride,  since  both  the  metal  and  the  chlorine  arc  valuable;  many  suggestions 
have  been  made  anil  a  number  of  i>.-itcnts  Rrantcd.  hut  as  vet  the  process  do« 


Properties. — Sodium  is  a  silver-white  metal,  of  a  waxy  consistence 
at  ordinary  temperatures,  but  in  the  cold  it  becomes  brittle  and  crystal- 
line.    It  has  a  specihc  fjravity  of  0.9735  ^t  13.5°. 
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On  the  application  of  heat  sodium  melts  at  95.6°,  and  at  742®  it  boils; 
under  these  conditions  it  is  necessary  to  exclude  air.  The  metal  is  so 
easily  oxidized  at  ordinary  temperatures  that  it  is  necessary  to  preserve 
it  under  petroleum.  If  it  is  melted  in  the  atmosphere  of  an  inert  gas 
like  nitrogen,  and  when  it  begins  to  solidify  the  liquid  portion  is  poured 
out,  the  remainder  takes  the  form  of  octahedral  crystals. 

The  behavior  of  sodium  towards  most  other  elements  is  similar  to 
that  of  potassium,  but  less  energetic;  for  instance,  potassium  and  bro- 
mine combine  with  explosive  violence,  while  sodium  may  be  warmed 
with  it  without  violent  action. 

When  thrown  on  water,  sodium  combines  with  the  oxygen  of  the 
water,  liberating  hydrogen,  but  the  action  is  not  sufficiently  energetic 
to  inflame  the  latter,  unless  the  metal  be  held  in  one  position  by  a  piece 
of  filter  paper,  or  water  be  warmed  to  60°,  when  the  gas  ignites  and 
bums  with  a  yellow  flame.  This  yellow  color  is  characteristic  of  sodium 
compounds. 

Uses. — Sodium  is  used  in  the  preparation  of  a  number  of  other  metals, 
notably,  silicon,  boron,  magnesium,  and  aluminum.  It  is  also  a  valuable 
reducing  agent  in  the  laboratory.  In  some  cases  where  its  activity  does 
not  admit  of  its  being  used  alone,  as  in  aqueous  solutions,  it  is  first 
amalgamated  with  mercury. 

SODIUM  AND  HYDROGEN. 

Sodium  Hydride,  NaH. — ^When  dry  hydrogen  is  passed  over  sodium  at  a  tem- 

?srature  of  from  300®  to  400®,  the  metal  absorbs  237  times  its  volume  of  the  gas. 
he  product  has  a  silver-white  color  and  a  silky  lustre. 


SODIUM  AND  HALOGENS. 

The  halogen  compounds  of  sodium  are: 

Sodium  Fluoride,  NaF. 
Sodium  Chloride,  NaCl. 
Sodium  Bromide,  NaBr. 
Sodium  Iodide,  Nal. 

Sodium  Fluoride,  NaF,  is  prepared  by  neutralizing  hydrofluoric  acid  with  so- 
dium carbonate.  The  compound  crystallizes  in  anhydrous  cubes.  It  is  soluble  in 
25  parts  of  cold  water,  and  scarcely  more  so  in  hot  water.  It  has  a  tendency  to 
form  double  compounds  with  other  salts,  as  instanced  in  cryolite,  the  double 
fluoride  of  sodium  and  aluminum,  3NaF.AlF3. 

Sodium  Chloride,  ^oCX,  Sodii  Chloridum,  U.S. P. — Sodium  chloride, 
or  common  salt,  is  found  abundantly  throughout  the  globe.  As  rock- 
salt  it  occurs  in  large  deposits,  alternating  with  strata  of  clay  and  gypsum, 
at  an  average  depth  of  100  meters.  Probably  the  most  celebrated 
mines  are  at  Wieliczka,  in  Galicia,  the  deposit  there  being  500  miles 
long,  20  miles  broad,  and  1200  feet  thick.  Enormous  quantities  are  also 
found  in  England,  at  Stassfurt,  Germany,  and  in  America. 
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Numerous  salt  springs  also  occur  in  many  parts  of  the  world,  in  which 
common  salt  is  the  chief  constituent.  These  springs  are  especially  abund- 
ant in  West  Virginia,  Michigan,  and  New  York,  each  containing  a  large 
nimiber  of  these  springs. 

Sea  water  contains  3  to  4  per  cent,  of  solid  residue,  three-fourths  to 
nine-tenths  of  which  is  sodium  chloride,  or  2.4  to  2.8  per  cent,  of  the  sea 
water.  There  is  relatively  more  salt  in  that  part  of  the  ocean  situated 
near  or  crossed  by  the  equator.  Many  inland  seas  contain  a  greater 
proportion  of  salt  than  exists  in  the  ocean.  For  instance,  the  water  of 
the  Great  Salt  Lake  in  Utah  contains  over  22  per  cent,  of  saline  matter, 
about  90  per  cent,  of  which  is  sodium  chloride. 

Extraction. — When  sufficiently  pure,  rock-salt  is  mined  and  sent  at 
once  into  commerce  without  further  purification.  If  it  is  more  inac- 
cessible, or  mixed  with  earthy  matter,  holes  are  drilled  into  the  deposits, 
water  is  run  in,  and  the  saturated  solution  is  either  forced  out  by  the 
water  which  enters,  or  it  is  pumped  out.  The  salt  is  recovered  by  evapo- 
rating the  solution  in  iron  or  lead  boilers.  Weaker  salt  solutions  are 
first  evaporated  by  the  sun's  rays.  This  is  accomplished  either  in  large 
shallow  dikes  lined  with  clay,  as  carried  out  with  sea  water  in  the  south 
of  France,  or  by  allowing  the  solution  to  trickle  down  over  a  large  pile 
of  brushwood,  as  shown  in  Fig.  109.  When  the  liquid  has  reached  a 
concentration  representing  1 5  to  20  per  cent,  of  salt,  it  is  run  into  open 
boilers  and  the  evaporation  completed. 

The  salt  thus  produced  is  quite  impure  and  requires  further  treatment. 
In  some  cases  it  is  spread  on  washed  sand,  and  the  more  deliquescent 
salts  liquefy  and  are  absorbed;  in  other  cases  the  crude  salt  is  placed 
in  baskets  over  the  boilers  is  which  the  brine  is  concentrating,  the  steam 
rising  dissolves  the  more  soluble  salts.  Finally,  crude  salt  may  be 
purified  by  washing  it  with  a  saturated  solution  of  pure  salt. 

When  a  ])urer  compound  is  desired  for  chemical  purposes,  the  purest 
commercial  salt  is  carefully  treated  with  barium  chloride  solution  so 
long  as  a  precipitate  is  produced,  by  which  the  sodium  sulphate  is  decom- 
posed, barium  sulphate  and  sodium  chloride  resulting;  the  baritun  sul- 
phate is  filtered  out,  and  the  warm  filtrate  is  treated  with  a  slight  excess 
of  sodium  carbonate;  this  precipitates  aluminum,  barium,  calcium,  iron, 
and  magnesium  compounds;  after  filtering  clear,  the  solution  is  care- 
fully neutralized  with  hydrochloric  acid,  and  evaporated  to  the  crystalliz- 
ing point. 

The  production  of  salt  in  the  United  States  in  1904  was  22.030,002 
barrels  of  280  pounds,  valued  at  $6,021,222.  Nearly  90  per  cent,  of  this 
production  was  evaporated  from  brine,  the  remainder  being  the  rock- 
salt  production. 

Properties. — Sodium  chloride  ordinarily  occurs  in  transparent  cubical 
crystals,  or  as  a  white,  crystalline  powder.  It  is  permanent  in  the  air, 
odorless,  and  has  a  pure  saline  taste.  Water  dissolves  2.8  parts  at  25^ 
and  2.5  parts  at  the  boiling  point;  it  is  almost  insoluble  in  alcohol. 
The  solution  in  water  has  a  neutral  reaction.     When  heated  the  salt 
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decrepitates;  at  a  red  heat  (about  772")  it  fuses,  and  at  a  white  heat  it 
is  slowly  volatilized  with  some  decomposition. 

Uses. — Sodium  chloride  is  used  as  a  condiment,  in  medicine,  and  as  a 
source  for  the  preparation  of  other  sodium  salts,  the  most  conspicuous 
of  which  are  sodium  sulphate  and  carbonate. 

Sodium  Bromide,  NaBr.  Sodii  Bromidum,  TJ.S.P. — The  preparation 
of  this  salt  is  carried  out  similarly  to  the  potassium  salt,  either  by  double 
decomposition  between  ferrous  bromide  and  sodium  carbonate  or  by 


the  formation  of  sodium  bromide  and  bromate  by  the  combination  ot 
bromine  and  sodium  hydroxide.  The  bromate  is  converted  into  bromide 
by  fusion  with  charcoal. 

Properties. — Sodium  bromide  occurs  in  colorless  or  white  cubical 
crystals;  without  odor,  and  with  a  saline,  slightly  bitter  taste.  The 
salt  slowly  attracts  moisture  from  the  air  without  deliquescing;  this  is 
probably  due  to  the  fact  that  at  ordinary  temperatures  it  crystallizes 
with  two  molecules  of  water,  but  as  found  in  commerce  it  is  free  from 
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water  of  crystallization,  the  latter  condition  having  been  attained  by 
crystallizing  from  a  warm  solution,  or  above  30°. 

Sodium  bromide  is  soluble  in  1.7  parts  of  water  at  25°,  and  in  0.8  part 
of  boiling  water;  in  12.5  parts  of  alcohol  at  25°,  and  in  11  parts  of  boiling 
alcohol.  When  heated  the  salt  melts  at  7 1 2°,  and  at  higher  temperatures 
it  is  slowly  volatilized  with  some  decomposition. 

Uses. — The  principal  use  of  sodium  bromide  is  in  medicine. 

Sodium  Iodide,  Nal.  Sodii  lodidum,  U.S.P. — ^This  salt  is  prepared 
almost  exactly  as  the  corresponding  potassium  salt. 

Properties. — Sodium  iodide  occurs  in  colorless  cubical  crystals,  or 
as  a  white,  crystalline  powder;  it  is  odorless,  and  has  a  saline,  slightly 
bitter  taste.  It  is  deliquescent  in  moist  air,  and  when  exposed  decom- 
poses into  sodium  carbonate  and  free  iodine,  thereby  becoming  reddish- 
brown  in  color. 

The  salt  is  soluble  in  0.5  part  of  water  at  25°,  and  in  0.33  part  of  boil- 
ing water;  in  3  parts  of  alcohol,  and  in  1.4  part  of  boiling  alcohol.  When 
it  crystallizes  from  water  at  ordinary  temperatures  it  contains  two 
molecules  of  water  of  crystallization,  but  above  40®  it  separates  anhydrous. 
When  heated  it  melts,  and  at  a  higher  temperature  it  volatilizes  with 
some  decomposition.     Its  aqueous  solution  is  neutral  to  litmus  paper. 

Uses. — Sodium  iodide  has  some  use  in  medicine,  as  it  is  considered 
preferable  to  the  potassiiun  salt  where  its  use  is  to  be  continued  for  some 
time. 

SODIUM  AND  OXYGEN.        ^-^^ 

Sodium  combines  with  oxygen  in  two  proportions,  resulting  in  the 
following  well-defined  compounds: 

Sodium  Monoxide,  NajO.    *^ 
Sodium  Peroxide,  NslJO^- 

Sodium  Monoxide  is  formed  with  some  peroxide  when  soditmi  is 
burned  in  air.  On  heating  to  a  high  temperature  the  peroxide  loses 
half  of  its  oxygen,  and  the  monoxide  remains.  It  may  also  be  obtained 
by  heating  together  sodium  hydroxide  and  sodium : 

NaOH     +     Na     ^--     NaaO     +     H. 

It  is  a  grey  mass  with  a  conchoidal  fracture.  When  brought  in  con- 
tact with  water,  violent  action  occurs  with  the  formation  of  sodium 
hydroxide. 

Sodium  Peroxide,  NajOg. — This  compound  is  formed  when  soditmi  is 
heated  in  oxygen  gas,  until  the  weight  becomes  constant.  It  is  also 
produced  by  the  ignition  of  sodium  nitrate. 

Properties. — As  found  in  commerce,  sodium  peroxide  is  a  yellowish- 
white  powder.  It  is  very  deliquescent.  When  thrown  into  water,  con- 
siderable heat  is  evolved,  and  sodium  hydroxide  and  oxygen  are  formed, 
as  follows  : 

Naa02     -I      H2O     -^     aNaOH     -f     O. 
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When,  however,  a  dilute  acid  is  present,  hydrogen  dioxide  results  : 

Naa02     4-     2HCI     --     2NaCl     -f     HaOa. 

This  compound  has  within  the  past  few  years  become  an  article  of 
commerce  for  bleaching  and  oxidizing  purposes. 

It  contains  about  20  per  cent,  of  available  oxygen.  It  has  recently 
been  brought  on  the  market  in  a  compact  fused  state  under  the  name 
of  "oxone."  One  volume  of  this  oxone  will  generate  on  contact  with 
water  315  times  its  volume  of  oxygen  gas. 

Sodium  Hydroxide,  Sodii  Hydroxidum,  U.S. P.  (Sodium  Hydrate, 
Caustic  Soda),  NaOH. — ^The  simplest  method  of  forming  the  hydroxide 
of  sodium  is  by  throwing  the  metal  on  water  : 

^^^^^      Naa     +     2HaO  2NaOH     -f     Ha 

This  method  requires  considerable  care,  as  the  fused  metal  is  liable  to  be 
thrown  about.     It  is  employed  when  a  very  pure  product  is  desired. 

A  cheaper  and  more  usual  method  consists  in  dissolving  3  parts  of 
sodium  carbonate  crystals  in  1 5  parts  of  water,  heating  to  the  boiling 
point,  and  adding  in  small  portions  at  a  time  milk  of  lime,  obtained  by 
slaking  i  part  of  quick-lime  (calcium  oxide)  with  3  parts  of  water; 
this  mixture  is  boiled  for  some  time,  water  is  added  to  replace  that 
which  has  evaporated,  until  a  portion  of  the  clear  liquid  fails  to  give 
effervescence  on  the  addition  of  dilute  acid  :  *  .   (L 

NaaCOa         -f         Ca(OH)a         =         2NaOH         4  CaCOg.        '^'"^ 

Sodium  Carbonate.  Calcium  Hydroxide.        Sodium  Hydroxide.         Calcium  Carbonate. 

The  clear  liquid  is  decanted  from  the  precipitate  and  evaporated  in 
an  iron  dish  to  a  specific  gravity  of  1.170,  when  the  concentration  is  com- 
pleted in  a  silver  dish  and  the  fused  product  poured  into  silver  moulds, 
similar  to  those  used  for  potassium  hydroxide.  (See  Fig.  114.)  On 
the  commercial  scale  hydroxide  is  produced  by  a  modification  of  the 
Leblanc  process  for  preparing  sodium  carbonate  by  the  addition  of  more 
coal  in  the  black-ash  fusion ;  the  reaction  being  as  follows  : 

CaCOs     -f     C     ^     CaO     -^     2CO. 
NaaCOs     -}-     CaO     -h     HaO     =     2  NaOH     +     CaCOs. 

Sodium  hydroxide  is  also  obtained  as  one  of  the  products  in  the  electro- 
lysis of  common  salt  on  a  large  scale.     (See  page  324.) 

The  importations  of  caustic  soda,  which  amounted  to  33,000  tons  in 
1897,  had  diminished  to  1,500  tons  in  1904.  The  American  production 
has  rapidly  grown  and  in  1904  was  80,173  tons. 

Properties. — The  sodium  hydroxide  which  is  used  for  pharmaceutical 
and  medicinal  purposes  occurs  in  dry,  white,  translucent  pencils,  show- 
ing a  crystalline  structure,  free  from  odor,  and  having  an  acrid  and 
caustic  taste.  When  exposed  to  moist  air  it  rapidly  deliquesces ;  in  dry 
air  it  first  becomes  coated  with  a  dry  film  of  carbonate.  It  is  soluble  in  i 
part  of  water  at  2  5°,  and  in  0.8  part  of  boiling  water ;  very  soluble  in  alcohol. 
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On  the  application  of  heat  sodium  hydroxide  melts  at  525®  to  a  clear 
oily  liquid,  and  at  a  bright  red  heat  it  is  slowly  volatilized  unchanged. 
The  solution,  even  when  very  dilute,  gives  a  strongly  alkaline  reaction 
with  litmus  paper. 

When  sodium  hydroxide  is  free  from  water  it  has  a  specific  gravity  of 
2.13.  The  very  concentrated  aqueous  solution,  when  cooled  to  0°, 
deposits  crystals  of  the  formula  NaOH.3iH20.  Water  is  always  present 
in  the  commercial  article;  that  coming  in  sticks  contains  from  15  to  25 
per  cent,  of  moisture.  Alcohol  is  used  to  free  the  commercial  compound 
from  impurities,  since  the  latter  are  of  a  character  to  be  insoluble  in  this 
solvent.  The  commercial  preparation,  which  has  peen  purified  by  this 
means,  is  known  as  **soda  by  alcohol." 

Liquor  Sodii  Hydroxidi,  U.S. P.,  is  made  from  sodium  carbonate 
and  lime  according  to  one  of  the  preceding  processes,  or  else  by  dissolving 
56  grams  of  sodium  hydroxide  (containing  90  per  cent,  of  absolute 
NaOH)  in  sufficient  water  to  make  i  liter.  The  resulting  solution  has  a 
specific  gravity  of  1.056  at  25°,  and  contains  about  5  per  cent,  of  NaOH. 

Uses.— Sodium  hydroxide  is  used  externally  as  a  caustic,  and  it  is 
extensively  employed  as  a  chemical  reagent.  The  most  important 
technical  use  of  the  commercial  product  is  in  the  preparation  of  soap. 

OXYGEN  SALTS  OF  SODIUM  AND  HALOGENS. 

Sodium  Hypochlorite,  NaOCl. — This  compound  only  occurs  in  solution. 
Officially  it  is  known  as  Liquor  Sodae  Chlorinatae,  or  Labarraques 
Solution.  This  solution  is  made  by  mixing  solutions  of  sodium  carbonate 
and  chlorinated  lime ;   the  reaction  is  as  follows  : 


Ca(C10)a      T      CaCla      ! 

2NaaC03 

2NaC10     -\-     2NaCl 

r     2CaC0a 

Chlorinated  Lime. 

Sodium 

Liiharraiiue's  Solution. 

Calcium 

CarlK>iiate. 

Carbonate 

The  clear  supernatant  liquid,  after  decantation,  should  contain  2.6  per 
cent,  of  available  chlorine.  This  solution  has  a  specific  gravity  of  about 
1.050  at  25°,  and  contains,  in  addition  to  the  hypochlorite,  sodium 
chloride  and  carbonate. 

Sodium  Chlorate,  NaClO,.  Sodii  Chloras,  U.S. P.— Sodium  chlorate 
may  be  prepared  in  the  same  manner  as  the  corresponding  potassium 
salt.  On  account  of  its  greater  solubility,  however,  its  separation  by 
crystallization  is  not  so  readily  accomplished.  It  has  been  recommended, 
therefore,  to  prepare  it  for  medicinal  use  by  double  decomposition 
between  sodium  bitartrate  and  potassium  chlorate,  the  following  reaction 

occurring  : 

NaHC4H40e      :      KCIO3      -      NaClOs      I-     KHC4H40e. 

For  this  purpose  a  concentrated  solution  of  19.5  parts  of  tartaric  acid 
are  added  to  18.3  parts  of  crystallized  sodium  carbonate,  previously 
dissolved  in  an  equal  quantity  of  hot  water.  The  resulting  solution, 
while  hot,  is  mixed  with  a  hot  solution  of  16  parts  of  potassium  chlorate 
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in  50  to  60  parts  of  water..  The  whole  is  allowed  to  stand  24  hours  for 
the  potassium  bitartrate  to  crystallize  out.  After  filtering  from  the 
latter,  the  filtrate  is  evaporated  carefully  to  dryness,  dissolved  in  the 
smallest  amount  of  water,  filtered,  and  allowed  to  crystallize.  As  thus 
prepared,  a  pure  product  may,  no  doubt,  be  obtained ;  but,  as  a  matter  of 
fact,  it  is  liable  to  be  contaminated  with  tartaric  acid.  A  process  which 
yields  a  purer  product  consists  in  adding  a  hot  solution  of  9  parts  of 
potassium  chlorate  to  a  similar  solution  of  7  parts  of  sodium  silico-fluoride, 
and  boiling  : 

aKCiOs     -f     NaaSiFe     -=     2NaC108     +     KaSiFe. 

The  subsequent  treatment  is  the  same  as  in  the  preceding-  process. 
The  product  in  this  case  has  the  advantage  of  being  free  from  the  possible 
contamination  with  organic  matter. 

Sodium  chlorate  occurs  in  colorless,  transparent  crystals,  or  as  a  white, 
crystalline  powder.  Its  taste  is  more  decidedly  saline  and  cooling  than 
the  corresponding  potassium  salt.  It  is  soluble  in  i  part  of  water  at 
25*^,  and  in  0.5  part  of  boiling  water,  in  100  parts  of  alcohol,  and  in  40 
parts  of  boiling  alcohol;  it  is  also  soluble  in  5  parts  of  glycerin.  When 
heated,  the  salt  melts  and  gives  off  oxygen,  leaving  a  residue  of  sodium 
chloride. 

On  account  of  its  greater  solubility  the  salt  has  been  used  consider- 
ably in  place  of  the  potassium  chlorate  in  calico  printing  and  in  the 
manufacture  of  aniline  black. 

Sodium  Bromate^  NaBrOs,  may,  like  the  potassium  bromate,  be  prepared  during 
the  manufacture  of  the  corresponding  bromide.  It  is  soluble  in  about  3  parts  of 
water  at  1 5®.    In  other  respects  it  resembles  the  potassium  salt. 

Sodium  lodate,  NalOs,  is  prepared  similarly  to  the  preceding  salt,  and  crystal- 
lizes with  a  variable  proportion  of  water.     It  is  soluble  in  some  14  parts  of  water 
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These  compounds  closely  resemble  the  mono-,  di-,  tri-,  and  poly  sul- 
phides of  potassiiun,  and  may  be  prepared  in  a  similar  manner. 

Sodium  Hyposulphite,  NaHS02,  must  not  be  confounded  with  the  thio- 
sulphate,  NajSjOj.sHjO,  which  is  commercially  known  as  hyposulphite. 

The  true  sodium  hyposulphite  is  prepared  by  reducing  a  concentrated 
solution  of  acid  sodiiun  sulphite  in  a  well-corked  bottle  with  metallic 
zinc.  The  mixture  is  kept  cool  for  about  a  half-hour,  when  a  white  pre- 
cipitate of  sodium  zinc  sulphite  separates.  The  clear  supernatant  solu- 
tion is  then  poured  off  into  three  times  its  volume  of  strong  alcohol,  and 
the  resulting  liquid  poured  into  a  bottle,  completely  filling  it.  The 
bottle  is  then  tightly  corked  to  exclude  air,  and  set  aside.  A  second 
crop  of  the  sodium  zinc  sulphite  crystals  again  forms,  and  the  clear  liquid 
is  poured  from  these  into  a  bottle,  and  excluded  from  the  air  as  before. 
After  some  hours'  standing,  crystals  of  the  sodium  hyposulphite  are  seen 
to  separate.  They  are  filtered  out,  quickly  pressed  between  folds  of 
filtering  paper,  and  dried  in  a  vacuum.  The  resulting  salt  may  be  puri- 
fied by  solution  in  water  and  reprecipitation  by  alcohol  as  before. 
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This  compound  is  used  in  dyeing,  to  redtfce. indigo,  and  as  a  laboratory 
reagent,  where  the  estimation  of  free  oxygen  is  involved. 

Sodium  Sulphite,  Na^SOj.yHjO.  Sodii  Sulphis,  U.S.P.— Normal 
sodium  sulphite  is  prepared  by  saturating  a  solution  of  sodium  carbonate 
with  sulphur  dioxide,  and  then  adding  an  amount  of  sodium  carbonate 
previously  dissolved  in  water,  equal  to  that  first  employed  : 

NaaCOs         +         2S0a         +         HaO         =         aNaHSOs         -h         COt. 

Sodium  Sulphur  Water.  Acid  Sodium  Cartxm 

Carbonate.  Dioxide.  Sulphite.  Dioxide. 

2NaHS08  I  NaaCOs         -  2Na2S03         -^         COa         -f         HiO. 

Acid  Sodium  Sodium  Sodium  Carbon  Water. 

Sulphite.  Carbonate.  Sulphite.  Dioxide. 

The  solution  is  then  carefully  evaporated  to  crystallization. 

If  the  solution  be  heated  to  the  boiling  point,  the  anhydrous  sodium 
sulphite  separates,  and  redissolves  on  cooling. 

Properties. — The  official  salt  occurs  in  colorless,  monoclinic  prisms: 
it  is  without  odor,  and  has  a  cooling,  saline,  somewhat  sulphurous  taste; 
it  effloresces  when  exposed  to  the  air,  and  is  slowly  oxidized  to  sulphate. 

It  is  soluble  in  2  parts  of  water  at  25°,  and  in  1.4  part  of  boiling  water; 
it  is  scarcely  soluble  in  alcohol.  When  the  salt  is  gently  heated,  it  softens 
somewhat,  without  fusing,  and  above  100°  it  loses  its  water  of  crystalliza- 
tion, amounting  to  50  per  cent.,  without  the  crystals  changing  their 
shape.  At  a  red  heat,  the  salt  fuses  to  reddish-yellow  masses  of  sodimn 
sulphate  and  sulphide. 

The  aqueous  solution  is  either  neutral  or  faintly  alkaline  to  Htmus 
paper. 

Acid  Sodium  Sulphite,  NaHSO^,  Sodii  Bisulphis,  U.S. P.,  is  prepared, 
as  stated  under  the  preceding  salt,  when  a  solution  of  sodium  carbonate 
is  saturated  with  sulphur  dioxide;  the  salt  separates  out  in  turbid 
crystals  on  cooling  the  solution. 

Commercially  it  is  much  used  in  solution,  from  which,  however,  it  may 
be  crystallized,  or  precipitated  by  alcohol. 

Properties. — The  salt  slowly  evolves  sulphur  dioxide,  and  has  a 
disagreeable,  sulphurous  taste.  It  is  soluble  at  25°  in  3.5  parts  of  water 
and  in  70  parts  of  alcohol,  and  in  about  2  parts  of  boiling  water  and  in 
49  parts  of  boiling  alcohol.  When  strongly  heated,  the  vapors  of  sulphur 
and  sulphur  dioxide  are  evolved,  and  a  residue  of  sodium  sulphate 
remains.    The  aqueous  solution  imparts  an  acid  reaction  to  litmus  paper. 

The  official  requirements  demand  a  salt  of  90  per  cent,  purity,  but  it 
is  not  often  found  in  commerce  of  this  strength. 

Uses.— The  salt  and  its  solution  are  used  largely  as  a  preservative, 
and  as  a  bleaching  agent.  Sulphur  dioxide  is  readily  and  abundantly 
evolved  on  the  addition  of  an  acid. 

Sodium  Sulphate,  Na^SO,.ioH.p.  Sodii  Sulphas,  U.S.P.— The  an- 
hydrous salt  is  known  as  salt-cake,  while  the  official  compound  with 
10  molecules  of  water  is  known  as  Glauber's  salt,  after  Glauber,  who,  in 
1658,  first  described  it  under  the  name  of  sal  mirabile.     Sodium  sulphate 
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is  widely  diffused  in  nature.  In  the  anhydrous  condition  it  is  found  as 
the  mineral  thenar dite,  and  in  the  hydrous  form  as  mirabilite;  the  former 
is  found  in  Spain  and  on  Vesuvius,  and  the  latter  throughout  the  globe;  it 
exists  in  sea  water  and  in  many  mineral  springs,  chief  of  which  is  that  at 
Carlsbad.  Large  amounts  occur  in  a  nearly  pure  state,  in  solution,  in  many 
lakes  throughout  the  arid  regions  of  western  United  States.  A  number  of 
these  lakes  exist  near  Laramie,  Wyoming,  where  the  salt  occurs  in  various 
degrees  of  purity,  amounting  in  some  cases  to  over  99  per  cent. 

Preparation. — In  addition  to  being  found  native,  sodium  sulphate  is  a  by- 
product in  many  chemical  processes,  and  is  also  produced  in  enormous  quanti- 
ties as  a  preliminary  step  in  the  Leblanc  process  for  manufacturing  sodium 
carbonate.  Large  quantities  are  produced  from  the  natural  product  in  Wyoming; 
this  natural  prc^uct  is  dehydrated  before  sending  into  commerce. 

The  official  salt  occurs  in  transparent  monoclinic  prisms  or  granular 
crystals.  The  commercial  salt  is  frequently  covered  with  efflorescence ;  it 
is  without  odor,  and  has  a  bitter,  saline  taste.  Sodium  sulphate  is 
soluble  in  2.8  parts  of  water  at  15°,  and  in  0.47  part  of  boiling  water;  at 
34°  water  exerts  the  maximum  solvent  action,  i  part  of  the  salt  requir- 
ing 0.25  part  of  water;  if  this  solution  be  heated,  rhombic  crystals  of  the 
anhydrous  salt  separate  out. 

Sodium  sulphate  fuses  when  heated  to  ^^^,  and  at  100°  it  loses  all  its 
water,  amounting  to  55.87  per  cent.  At  a  red  heat  the  anhydrous  salt 
fuses  without  decomposition. 

Uses. — Sodium  sulphate  has  some  use  in  medicine,  but  its  greatest 
consumption  is  in  the  manufacture  of  sodium  carbonate;  it  is  also 
extensively  employed  in  glass  manufacture. 

Acid  Sodium  StUphaie,  NaHS04.  is  known  as  bisulphate  of  soda.  It  is  prepared 
by  heating  16  parts  of  sodium  sulphate  with  10  parts  of  pure  concentratea  sul- 
phuric acid  until  they  liquefy,  ana  then  dissolving  the  cooled,  white,  crystalline 
mass  in  twice  its  weight  of  water;  by  evaporating  at  50°  the  anhydrous  salt  is  ob- 
tained in  triclinic  prisms.  When  the  crystallization  takes  place  at  the  ordinary  tem^ 
perature,  monoclinic  prisms,  with  one  molecule  of  water,  NaHS04.HaO,  are  formed. 

There  are  other  sodium  sulphates  of  minor  importance,  which  are  very  similar 
to  the  corresponding  potassium  salts,  to  which  the  reader  is  referred 

Sodium  Thiosulphate,  Na^Sfi^.sKjO.  Sodii  Thiosulphas,  U.S.P. — 
This  salt  is  commercially,  but  incorrectly,  known  as  hyposulphite  of 
soda.     It  was  discovered  in  1799  by  Chaussier.     See  page  224. 

Preparation. — Sodium  thiosulphate  is  prepared  by  boiling  a  solution  of  sodium 
sulphite  with  sulphur  :y  V    \ 

^-^NaaSOs     -f     S     -     NaaSaOa.  \    \ 

The  commercial  source  is  from  the  black  ash  residue,  after  extraction  of  sodium 
carbonate  in  the  alkali  manufacture.  When  this  residue  is  exposed  to  air  for  some 
time,  the  calcium  sulphide,  or  (ycysulphide,  therein  contamed,  is  oxidized  to 
thiosulphate,  as  follows: 

2CaS         -h         aOa  -f  HaO  CaSaOa         -r         Ca(OH)a. 

Calcium  Oxygen.  Water.  Calcium  Calcium 

Sulphide.  Thiosulphate.  Hydroxide. 

The  thiosulphate  is  extracted  from  the  mass  with  water,  and  the  resulting 
solution  decomposed  with  sodium  sulphate  as  follows: 

CaSaOa         -h         NaaS04         =-         NaaSaOs         +         CaS04. 

Calcium  Sodium  Sodium  Calcium 

ThtosnlphBte.  Sulphate.  Thiosulphate.  Sulphate. 
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Properties. — Sodium  thiosulphate  forms  large,  colorless,  well-defined 
monoclinic  crystals;  odorless,  with  a  saline,  cooling,  afterwards  bitter 
taste.  It  gives  a  neutral  reaction,  and  is  permanent  in  dry  air.  Above 
^^^  it  effloresces,  and  at  50°  melts  in  its  water  of  crystallization.  At 
ICO*'  it  loses  all  its  water,  amounting  to  36.26  per  cent.,  and  at  a  red  heat 
it  is  decomposed,  evolving  sulphur  which  escapes,  leaving  a  residue  of 
sodium  sulphate  and  sulphide. 

Sodium  thiosulphate  is  soluble  in  0.35  part  of  water  at  25°;  at  the  boil- 
ing temperature  its  solution  is  rapidly  decomposed.     It  is  insoluble  in 
alcohol. 

The  chloride,  bromide,  and  iodide  of  silver  are  readily  soluble  in 
solutions  of  sodium  thiosulphate,  forming  a  double  salt  as  follows: 

AgCl      i      NagSaOs     --      NaAgSgOs     -!      NaCl. 

Iodine  is  also  dissolved  by  an  aqueous  solution  of  sodium  thiosulphate, 
sodium  iodide  and  tetrathionate  being  formed: 

2Xa2Sa03     -f     la  NaaS40e     -     2NaI. 

Chlorine  acts  in  a  similar  manner,  which  fact  has  given  to  the  salt  the 
name  of  antichlor;  on  this  account  it  has  extensive  use  in  removing. the 
excess  of  chlorine  in  bleaching  operations.  It  is  also  used  in  photography, 
because  of  the  property  it  possesses  of  dissolving  the  halogen  compounds 
of  silver. 

OXYGEN  SALTS  OF  SODIUM  AND  NITROGEN. 

Sodium  Nitrate,  NaNO,.  Sodii  Nitras,  U.S. P. — In  1683  Bohn  dis- 
covered this  salt,  which  was  more  thoroughly  investigated  by  Duhamel 
in  1736.  and  Marggraf  in  1761.  In  1820  it  was  first  shipped  from  South 
America  to  European  ports. 

Occurrence. — Sodium  nitrate  is  found  as  a  natural  deposit  in  parts 
of  South  America,  chiefly  in  Chile,  Peru,  Bolivia,  and  the  province  of 
Bahia  in  Brazil.  The  Atacama  Desert  extends  through  the  northern 
part  of  Chile  into  the  southern  part  of  Peru.  It  is  in  Atacama,  Chile,  Tara- 
paca,  Peru,  and  the  interlying  region  that  the  most  extensive  deposits 
occur.  The  district  covers  hundreds  of  miles,  is  practically  rainless,  and 
is  especially  favorable  for  the  recovery  of  a  salt  like  this,  which  is  soluble 
in  water.  The  crude  deposit  is  termed  '*  caliche,"  and  one  tract  alone 
extends  40  miles  in  length,  and  i  to  2  miles  in  width. 

A  characteristic  nitrate  pampa,  or  calichero,  as  it  is  called,  consists  of 
about  the  following  strata:  First,  a  layer  of  sand  and  gravel,  about  i  to 
2  inches  deep;  then  a  6-inch  layer  of  a  white  frial)le  substance  consisting 
largely  of  calcium  sulj)hate;  below  this  is  a  stratum  from  2  to  10  feet  in 
thickness,  consisting  of  earth  and  stones;  then  there  is  a  layer  i  to  3 
feet  thick  of  a  substance  known  as  costra,  which  is  low-grade  caliche, 
composed  of  chlorides,  feldspar,  and  earthy  matter.  The  caliche,  or 
crude  sodium  nitrate,  lies  below  this;   it   forms  a  layer  i^  to  2  feet  in 
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thickness.  In  the  Tarapaca  district  this  layer  is  much  thicker,  ranging 
from  4  to  1 2  feet.  Below  the  sodium  nitrate  deposit  is  a  stratum  of  fine 
clay  3  feet  in  depth,  and  resting  on  porphyritic  rocks. 

The  value  of  the  caliche  varies  from  15  to  65  per  cent,  sodium  nitrate. 
The  different  grades  are  mixed  so  as  to  make  an  average  product  con- 
taining about  35  per  cent. 

Extraction. — The  crude  caliche  is  boiled  with  water  until  the  liquor 
registers  110°  Tw.  at  120°,  and  the  clear  solution  run  into  crystalHzing 
tanks.  The  residue  is  boiled  with  water  a  second  time,  which  usually 
completes  the  exhaustion.  The  liquor  in  the  crystallizing  tanks  deposits 
its  crystals  of  the  nitrate  in  from  4  to  6  days,  according  to  the  temperature. 

The  mother  liquor  is  then  run  off  to  the  iodine  house,  where  that  valu- 
able element  is  removed.  The  crystals  of  sodium  nitrate  are  thrown  out 
on  drying-boards,  washed  once  with  a  little  cold  water,  allowed  to  dry, 
and  are  then  packed  in  bags  for  shipment.  As  water  is  scarce  in  this 
dry  region,  all  washings  arc  saved  and  all  steam  is  condensed  as  far  as 
possible.  In  some  places  water  is  brought  as  far  as  80  miles.  The  com- 
mercial sodium  nitrate,  prepared  as  above  described,  consists  of  96  per 
cent,  nitrate,  with  small  quantities  of  chlorides,  sulphates,  moisture,  and 
insoluble  matter. 

Properties. — For  medicinal  use  the  commercial  salt  would  require 
purification  by  recrystallization.  It  is  officially  described  as  occurring 
in  * 'colorless,  transparent,  rhombohedral  crystals,  odorless,  and  having 
a  cooling,  saline,  and  slightly  bitter  taste.  Deliquescent  in  moist  air. 
Soluble  at  25°,  in  i.i  part  of  water,  and  in  about  100  parts  of  alcohol; 
in  0.6  part  of  boiling  water,  and  in  40  parts  of  boiling  alcohol.'* 

When  75  parts  of  sodium  nitrate  are  dissolved  in  100  parts  of  water  at 
13.2*^,  the  temperature  falls  to  — 5.2°. 

On  application  of  heat,  sodium  nitrate  melts  at  312°,  without  decom-' 
position;  at  a  higher  temperature  it  evolves  oxygen  and  is  converted 
into  nitrite.  The  aqueous  solution  of  the  salt  has  a  neutral  reaction 
towards  litmus  paper. 

Uses. — Sodium  nitrate  is  used  extensively  as  a  fertilizer,  as  a  preserva- 
tive agent  for  meat,  and  for  the  preparation  of  potassium  nitrate  by 
double  decomposition  with  potassium  chloride.  Since  it  is  cheaper  than 
the  potassium  salt,  it  is  used  in  the  preparation  of  nitric  acid.  It  cannot 
replace  the  potassium  salt  entirely  in  the  manufacture  of  gunpowder, 
because  of  its  tendency  to  absorb  moisture.  The  production  of  sodium 
nitrate  on  west  coast  of  South  America  in  1902  was  1,505,384  tons,  of 
which  240,000  tons  came  to  the  United  States. 

Sodium  Nitrite,  NaNOo.    Sodii  Nitris,  U.S. P.,  is  prepared  by  heating 

100  parts  of  sodiiun  nitrate  with  285  parts  metallic  lead,  in  an  iron  vessel, 

to  500°: 

NaNOs     f     Pb     -^     NaNOg      I      PbO. 

The  fused  mass  is  treated  with  water,  filtered,  and  carbon  dioxide 
passed  through  the  filtrate  in  order  to  remove  the  last  traces  of  lead. 
Finally,  the  salt  is  purified  by  repeated  crystallization. 
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Properties. — As  usually  found  in  commerce,  sodium  nitrite  is  in 
opaque,  fused  masses  or  sticks.  These  have  a  yellowish- white  color, 
and  are  made  up  of  microscopic,  prismatic  crystals.  The  salt  is  odorless, 
has  a  mild,  saline  taste,  and  when  exposed  to  the  air  deliquesces  and  is 
gradually  oxidized  to  nitrate. 

Sodium  nitrite  is  soluble  in  about  1.4  parts  of  water  at  25®;  very 
soluble  in  boiling  water,  and  only  slightly  soluble  in  alcohol.  On  the 
application  of  heat,  the  salt  melts,  and  at  a  red  heat  it  decomposes, 
with  the  formation  of  oxygen,  nitrogen,  nitrogen  dioxide,  and  soditmi 
oxide.     The  aqueous  solution  reacts  alkaline  towards  litmus  paper. 

This  salt  was  made  official  because  of  its  use  in  the  manufacture  of 
spirit  of  nitrous  ether.  The  Pharmacopoeia  requires  that  it  shall  contain 
not  less  than  90  per  cent,  of  the  pure  salt. 

Sodium  nitrite  has  a  considerable  use  as  chemical  reagent,  being 
usually  employed  -when  a  soluble  nitrite  is  demanded ;  it  is  also  employed 
by  the  color  manufacturers. 

OXYGEN  SALTS  OF  SODIUM  AND  PHOSPHORUS. 

Sodium  Orthophosphaies .  -There  are  three  compounds  of  sodium  with 
orthophosphoric  acid,  as  follows  : 

Trisodium  Orthophosphate,  Na3PO^.i2H,0. 
Disodium  Orthophosphate,  Na2HPO^.i2H20. 
Monosodium  Orthophosphate,  NaHjPO^.HjO- 

The  first  one  of  these,  which  is  also  known  as  the  neutral  sodium 
phosphate,  is  obtained  when  a  slight  excess  of  sodium  hydroxide  is 
added  to  the  disodium  salt  or  to  orthophosphoric  acid,  and  the  solution 
evaporated.  It  separates  in  six-sided  prisms,  is  easily  soluble  in  water, 
and  the  resulting  solution  reacts  alkaline  towards  litmus.  When  ex- 
posed to  the  air  the  solution  absorbs  carbon  dioxide,  sodium  carbonate 
and  the  disodium  salt  resulting. 

Disodium  Orthophosphate,  Na2HPOj.i2H.,0. — This  salt  is  official  under 
the  name  of  Sodii  Phosphas,  U.S. P.,  but  is  generally  known  in  com- 
merce as  "phosphate  of  soda."  It  is  widely  distributed  in  the  animal 
economy,  especially  in  the  urine,  where  it  is  found  to  the  extent  of  from 
.3  to  .5  per  cent. 

Sodium  phosphate  is  formed  when  sodium  carbonate  is  added  to  phos- 
phoric acid  until  a  faintly  alkaline  reaction  is  obtained.  Below  33° 
crystallization  takes  place. 

Properties. — These  crystals  contain  twelve  molecules  of  water,  and 
rapidly  effloresce  on  exposure  to  the  air,  losing  5  molecules  of  water 
(25.1  per  cent.).  They  occur  in  large  colorless,  monoclinic  prisms,  odor- 
less, and  having  a  cooling,  saline  taste.  The  salt  is  soluble  in  5.5  parts 
of  water  at  25°  and  in  1.5  parts  of  boiling  water;  it  is  insoluble  in  aJcohol. 

On  the  application  of  heat,  sodium  phosphate  fuses  at  40*^;  at  100** 
it  loses  all  its  water  of  crystallization,  amounting  to  60.3  per  cent.,  yield- 
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ing  Sodii  Phosphas  Exsiccatus,  U.S.P.,  and  at  a  red  heat  it  is  converted 
into  sodium  pyrophosphate.  The  aqueous  solution  reacts  sHghtly  alka- 
line towards  litmus  paper,  and  phenolphtalein. 

Uses. — Sodium  phosphate  is  used  somewhat  in  medicine,  largely  as 
a  reagent,  and  to  a  certain  extent  in  the  dyeing  industry. 

Monosodium  Orthophosphate,  NaHjPO^.HjO. — When  ordinary  soditmi 
phosphate  and  orthophosphoric  acid  are  mixed  and  evaporated,  the 
monosodium  salt  separates  with  one  molecule  of  water  crystallization. 
These  crystals  occur  in  rhombic  prisms,  and  their  aqueous  solution  has 
an  acid  reaction. 

Sodium  Pyrophosphate y  Na^PgO^.ioHjO.  Sodii  Pyrophosphas, 
U.S. P. — The  simplest  method  of  obtaining  this  salt  is  by  heating  the 
ordinary  sodium  phosphate  to  250*^,  or  more  rapidly  by  increasing  the 
temperature  to  low  redness,  until  a  sample  taken  out  and  dissolved  in 
water  gives  no  yellowish  color  to  precipitate  with  silver  nitrate.  The 
following  expresses  the  reaction:  ..,. '  \ 

2NaaHP04     =     Na4Pa07     +     HaO. 

V  ■■ 

This  operation  may  be  conducted  in  an  iron  vessel,  but  one  of  silver 
is  preferable.  After  the  conversion  is  complete,  the  cooled  mass  is  dis- 
solved in  5  parts  of  hot  water,  filtered,  and  the  filtered  solution  allowed 
to  crystallize. 

Sodium  pyrophosphate  occurs  in  "colorless,  transparent,  monoclinic 
prisms,  or  a  crystalline  powder,  odorless,  and  having  a  cooling,  saline, 
and  feebly  alkaline  taste.**  The  crystals  are  permanent  under  most 
circumstances,  but  effloresce  slightly  in  dry  air. 

The  salt  is  soluble  in  1 1 .5  parts  of  water  at  25°,  and  i  .1  parts  of  boiling 
water;  alcohol  does  not  dissolve  it.  The  aqueous  solution  is  slightly 
alkaline  to  litmus  and  phenolphtalein.  When  heated  to  loo*',  the  salt 
loses  its  water  of  crystallization,  amounting  to  40.35  per  cent.  Above 
this  temperature  it  fuses  to  a  clear  liquid,  which  solidifies  in  a  crystal- 
line mass. 

Disodium  Pyrophosphate,  NaaHaPa07.6HaO,  is  prepared  by  heating  the  official 
sodium  phosphate  to  1 50°  with  strong  hydrochloric  acid,  or  Dv  dissolving  the  nor- 
mal pyrophosphate  in  acetic  acid  and  precipitating  by  alcohol.  As  thus  obtained, 
it  occurs  as  a  white,  crystalline  powder.    Its  aqueous  solution  has  an  acid  reaction. 

Sodium  Metaphosphate,  NaPOs,  is  formed  by  heating  the  ordinary  phosphate 
to  bright  redness  for  some  minutes.  This  compound  is  scarcely  soluble  in  water; 
it  exists  in  several  polymeric  modifications,  corresponding  to  the  various  poly- 
meric metaphosphonc  acids;  these  modified  salts  are  more  soluble  in  water. 

Sodium  Hypophosphite,  ^diVRp^.Rf>.   Sodii  Hypophosphis,  U.S.P. 

— Sodium   hypophosphite  is  obtained   by    adding   solution   of   sodium 

carbonate  to  one  of  calcium  hypophosphite  as  long  as  a  precipitate  is 

produced.     The  filtered  solution  is  evaporated  at  a  low  temperature,  and 

concentration  is  completed  in  a  vacuum.     Dangerous  explosions  have 

resulted  from  too  rapid  evaporation  of  this  solution,  even  a  water-bath 

temperature  may  result  disastrously. 

22 


t  ' 


338  CHEMISTRY  OF  THE  METALS. 

Properties. — This  salt  occurs  in  pearly,  tabtilar  crystals,  or  in  i| 
white,  granular  powder;  it  is  without  odor,  but  possesses  a  bittenki 
sweet,  saline  taste.  It  is  very  deliquescent  on  exposure  to  moist  air 
and  the  solution  is  neutral  to  litmus  paper. 

Sodium  hypophosphite  is  soluble  in  i  part  of  water  and  in  25  parts  of 
alcohol  at  25°;  it  is  dissolved  by  0.12  part  of  boiling  water  and  by  i  part 
of  boiling  alcohol;  in  absolute  alcohol  it  is  slightly  soluble,  but  insoluble 
in  ether. 

On  carefully  heating  a  small  quantity  of  the  salt  in  a  test  tube,  it  first 
loses  water  of  crystallization,  and  at  200*^  it  is  decomposed  with  the 
evolution  of  spontaneously  inflammable  hydrogen  phosphide  and  some 
hydrogen,  which  bum  with  a  yellow  flame. 

Sodium  hypophosphite  should  not  be  triturated  with  nitrates,  chlorates, 
permanganates,  or  other  oxidizing  agents,  as  violent  explosions  thereby 
result. 

OXYGEN  SALTS  OF  SODIUM  AND  BORON. 

Sodium  Borate,  Na2B^07.ioH20.     Sodii  Boras,  U.S.P. 

History. — Borax  was  known  to  the  ancients  and  to  the  alchemists. 
Its  true  chemical  character  was  not  understood  until  1747,  when  Banm 
pointed  out  the  fact  that  it  consisted  of  boric  acid  (then  called  sedative 
salt)  and  soda. 

Occurrence. — Originally  borax  was  known  in  certain  lakes  of  Thibet; 
later  it  was  brought  from  India  and  Persia,  and  was  found  in  smaller 
quantities  in  various  parts  of  the  world.  Rich  deposits  are  found  in 
the  nitre  regions  of  Chile  and  Peru  and  in  Ecuador.  The  abundant 
deposits  of  borax  in  the  United  States  were  not  discovered  until  1856, 
and  not  worked  until  1864.  The  discovery  appears  to  have  been  ma4^ 
by  Dr.  Veatch,  at  Clear  Lake,  California.  Since  that  time  numerous  other 
deposits  have  been  discovered  in  California  and  Nevada.  In  some  of 
these  localities  the  base  is  calcium  instead  of  sodium;  in  South  America, 
for  instance,  the  mineral  boron  at  roc  ale  He,  Na2B^Oy.2CaB^O-.i8HjO,  is 
chiefly  found,  while  the  borocalciie,  CaB^O-.4H20,  is  found  in  these  as 
well  as  in  many  other  places.  One  bed  of  this  latter  mineral,  near  Death 
Valley,  California,  has  an  average  depth  of  six  feet.  It  is  locally  known 
as  colcntauitc,  from  Coleman,  the  discoverer.  This  mineral  is  also  known 
elsewhere  as  ulcxitc,  and,  from  the  nature  of  the  crystallizations,  it  is 
termed  cotton-balls  by  the  inhabitants. 

Extraction. — Crude  borax  is  known  as  tincal.  This  crude  product 
in  many  cases  only  requires  to  be  dissolved  in  water  and  allowed  to 
crystallize  in  order  to  make  it  sufficiently  pure  to  be  sent  into  commerce. 
In  other  deposits  there  is  much  matter  of  a  greasy  nature,  which  must 
first  be  removed  by  washing  with  a  weak  solution  of  sodium  or  calcium 
hydroxide.  The  deposits  in  this  country,  however,  are  of  such  purity  as 
merely  to  require  recrystallization.  When  horocalciie  or  ulexiie  is  tvsed, 
it  is  boiled  with  water  and  sodium  carbonate,  the  result  being  sodium 
borate  and  calcium  carbonate.    Much  of  the  borax  formerly  consumed  in 
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the  Eastern  Hemisphere  was  made  by  neutralizing  the  native  boric  acid  of 
Tuscany  with  sodium  carbonate,  The  production  of  borax  in  California 
and  Nevada  in  1904  was  45,642  tons  of  crude  ore,  valued  at  $698,810, 
having  a  value  after  being  refined  of  $2,735,000. 

Properties. — Sodium  borate  occurs  in  colorless,  transparent,  pris- 
matic crystals,  or  as  a  white  powder;  it  is  odorless,  and  has  a  sweetish, 
alkaline  taste.     In  warm,  dry  air  it  is  slightly  efflorescent. 

The  salt  dissolves  in  20.4  parts  of  water  at  25°,  and  0.5  part  of  boiling 
water;  it  is  insoluble  in  alcohol.  At  80°  it  is  soluble  in  i  part  of  glycerin. 
On  the  application  of  heat,  borax  first  loses  a  part  of  its  water  of  crystalli- 
zation, and,  without  melting,  swells  to  a  white,  porous  mass.  When  the 
heat  is  increased  to  redness,  the  remainder  of  the  water  is  driven  off, 
amounting  to  47.14  per  cent.,  and  the  salt  fuses  to  a  colorless  liquid, 
which  on  cooling  hardens  to  a  transparent  glass  known  as  borax  glass. 
The  aqueous  solution  of  the  salt  reacts  alkaline  towards  litmus  paper, 
and  colors  yellow  turmeric  paper  brown. 

Uses. — On  account  of  its  solvent  action  on  metallic  oxides,  borax  is 
largely  used  in  soldering  and  welding.  Its  extended  use  in  metallurgical 
operations  and  in  blowpipe  analysis  is  well  known.  It  enters  into  the 
composition  of  some  soaps,  is  used  as  a  preservative,  and  is  employed  in 
the  manufacture  of  certain  kinds  of  glass,  and  in  some  enamels. 

Octahedral  Borax  is  a  variety  with  5  molecules  of  water  of  crvstallization .  It  is 
formed  by  allowing  crystallization  to  take  place  above  60®.  This  is  accomplished 
by  dissolving  ordinary  borax  in  boiling  water  until  the  solution  has  a  specific  grav- 
ity of  1.246,  and  then  allowing  it  to  cool  slowly;  the  crystallization  begins  when 
the  temperature  reaches  79°.     Below  56®  ordinary  prismatic  borax  crystallizes. 

Sodium  Metaborate,  NaBOa.4HaO. — This  salt  is  formed  when  i  molecule  of  borax 
is  fused  with  i  molecule  of  sodium  carbonate;  the  product  is  the  anhydrous  salt, 
^hich,  when  dissolved  in  water  and  allowed  to  crystallize,  separates  with  4  mole- 
cules of  water. 

Sodium  Orthoborate,  NasBOa. — When  boron  trioxide  is  fused  with  sodium  hydrox- 
ide the  following  reaction  takes  place: 

BaOs         +         6NaOH         ^         aNasBOa         -         3HaO 
Boron  Trioxide.  Sodium  Hydrate.  Sodium  Orthoborate.  Water. 

This  salt  is  very  unstable,  and  cannot  exist  in  solution,  since  it  is  converted 
by  water  into  the  metaborate. 

Sodium  Perborate,  NaBOs,  has  been  obtained  as  a  white  powder  decomposing 
in  the  presence  of  water  into  hydrogen  dioxide  and  borax.  100  grams  of  sodium 
perborate  will  liberate  10  grams  or  70  volumes  of  active  oxygen. 
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SODIUM   SILICATES. 

Sodium  silicate  is  a  constituent  of  many  minerals  and  of  glass.  There 
are  at  least  three  compounds  of  silicic  acid  with  sodium,  which  are 
formed  according  to  the  proportion  of  the  constituents  entering  into 
the  reaction.  When  quantities  of  silica  and  sodium  carbonate,  equal 
to  their  respective  molecular  weights,  are  fused  together,  sodium  meta- 
silicate.  Na^iO,,  is  formed. 
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This  compound  is  soluble  in  water,  and  when  it  is  dissolved  in  that 
liquid  and  slowly  evaporated,  it  separates  in  monoclinic  crystals  with  6 
molecules  of  water  of  crystallization.  If  in  the  fusion  an  excess  of  sodium 
carbonate  be  used,  the  trisilicate,  Na^SigO,^,,  is  formed. 

Commercial  sodium  silicate,  or  zvater  glass,  consists  chiefly  of  sodium 
tetrasilicate,  Na^S^Oy.  It  is  prepared  by  fusing  together  45  parts  of 
powdered  quartz  or  fine  sand,  23  parts  of  dry  sodium  carbonate,  and  3 
parts  of  charcoal.  The  fused  product  is  run  into  a  tank  of  water,  which 
has  the  effect  of  converting  it  into  small  porous  masses,  which  are  more 
easily  dissolved  in  water.  The  solution  in  water  is  a  thick,  viscid  liquid, 
which  sets  to  fonn  a  translucent  jelly.  As  ordinarily  found  in  practical 
use,  it  is  a  semi-transparent,  almost  colorless,  or  yellowish,  or  pale  green- 
ish-yellow, viscid  liquid,  odorless,  having  a  sharp,  saline,  and  alkaline 
taste,  and  an  alkaline  reaction.     Specific  gravity,  1.300  to   i.4ro  at  15®. 

Soluble  glass  is  used  largely  as  a  bandaging  material,  enters  into  the 
compostion  of  many  cements,  and  is  used  in  large  quantities  in  the  manu- 
facture of  silicated  soaps. 

Sodium  FlnostUcaU\  NagSiFe. — This  compound  is  also  known  as  sodium  silico- 
fluoride.  It  is  prepared  by  neutralizing  hydrofluosilicic  acid  with  sodium  hydroxide 
or  carbonate.  Like  the  corresi)onding  potassium  salt,  it  is  not  very  soluble  in 
cold  water.  It  is  stated  to  have  powerful  antiseptic  properties,  ana  has  been 
introduced  into  medicine  under  the  name  of  ''Salufer.** 

OXVOEN  vSALTS  OF  SODIUM  AND  CARBON. 

Sodium  Carhouatc,  Na^CO.^.H.p.  Sodii  Carbonas  Monohydratus, 
U.S. P.     (Commercial  Soda  Crystals,  NaXO^. loH^^O.) 

History.  —Sodium  carbonate,  or  soda,  has  been  known  since  the 
earliest  times.  It  was  not  originally  distinguished  from  potash,  both 
being  designated  by  the  term  niirum. 

Duhamel,  in  1736.  and  Marggraf,  in  1759,  were  the  first  to  draw  a 
sharp  distinction  between  the  two;  the  former  showed  the  base  of  com- 
mon salt,  borax,  and  the  aslies  of  sea  plants  to  be  one  and  the  same; 
the  latter  designated  soda  as  mineral  alkali,  and  distinguished  it  from 
potash  by  the  yellow  color  it  imi)arted  to  the  flame. 

Nearly  all  the  soda  was  obtained  previous  to  1793  from  the  ashes  of 
sea  plants,  called  varcc  or  k'clp.  These  sea-weeds  were  collected  on  the 
northwest  coasts  of  France,  Ireland,  and  Scotland. 

One  of  the  immediate  results  of  the  French  Revolution  was  to  cause 
a  demand  for  soda  from  some  other  source  than  sea-weeds.  On  inves- 
tigating the  var  ous  i.)roeesses.  it  was  found  that  an  apothecary. 
Nicolas  Leblanc,  associated  with  Dize,  was  operating  a  small  manufac- 
tory at  St.  Denis,  in  which  he  usctl  sea  salt  to  furnish  the  sodium  for  his 
sodium  earbonaU\  The  manufactory  became  a  national  establish- 
ment, and  was  successfullv  at  work  in  1 794.  Other  manufactories  by  this 
process  were  more  sueeessful  at  Marseilles,  and  the  orginal  one  was  soon 
closed.     The  industry  was  established  in  England  in  1823  by  Muspratt. 

There  is  j)roba])ly  no  operation  in  the  whole  field  of  industrial  chem- 
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istry  that  has  undergone  so  few  fundamental  changes.  So  far  as  the 
material  employed  and  the  reactions  involved  arc  concerned,  they 
remain  the  same  as  in  the  original  process.  It  is  true  that  many 
improvements  have  been  introduced,  but  they  have  been  of  a  mechan- 
ical nature  or  have  related  to  the  utilization  of  waste  material.  In 
more  recent  times  entirely  different  processes  have  been  established, 
the  most  successful  ones  being  that  by  Thomsen  (185 1),  in  which  cryo- 
lite is  used,  that  by  Solvay  (1873),  known  as  \\\^  aynmonia-soda  process, 
and  the  several  processes  which  electrolyze  sodium  chloride. 

Occurrence. — Sodium  carbonate  is  found  in  the  ash  of  all  plants, 
but  especially  in  that  from  sea  plants  and  those  growing  near  salt  waters. 
It  is  also  found  in  the  waters  of  many  mineral  springs,  often  in  the  form 
of  bicarbonate.  An  efflorescence  or  deposit,  consisting  largely  of  sodium 
carbonate,  occurs  in  the  soil  of  many  rainless  localities,  as  in  Egypt, 
Mexico,  parts  of  South  America,  and  in  the  drier  parts  of  the  United 
States,  there  being  unknown  quantities  in  California,  Wyoming,  and 
Nevada,  and  probably  in  some  other  Western  States.  The  native  pro- 
duct in  this  country  was  produced  to  the  amount  of  25,000  tons  in  1902. 

Preparation. — (i)  Native  Soda. — The  soda  which  occurs  in  nature  consists 
almost  entirely  of  the  sesquicarbonate,  having  the  formula  2NaHCOa.Na8C08. 
2HsO.  That  which  is  brought  from  Egypt  is  usually  known  as  Trona-soda,  that 
from  South  America  (Colombia)  and  Mexico  is  called  IJrao-soda,  and  the  small 
quantity  brought  into  commerce  from  Hungary  is  known  as  Szck. 

(2)  ^oda  from  the  Ashes  of  Plants. — The  amount  found  in  the  ashes  of  sea  and 
sea-coast  plants  is  from  5  to  30  per  cent.  The  soda  from  Spain  is  usually  known 
as  ScUsola  soda  and  Barilla;  that  from  the  south  of  France  is  called  Salicox  or 
Blanquette  soda;  and  that  prepared  from  the  species  of  Fucus,  used  also  in  the 
preparation  of  bromine  and  iodine,  is  called  Kelp  soda  in  Scotland,  and  Varec 
soda  in  Normandy  and  the  Channel  Islands.  Potassium  is  far  more  widely  distri- 
buted in  plants  than  sodium,  but  those  plants  growing  in  or  near  the  salt  water  take 
up  large  quantities  of  sodium  chloride  and  convert  it  into  salts  of  the  organic  acids. 

(3)  the  Leblanc  Process. — When  sodium  carbonate  is  manufactured  by  this 
method,  the  first  step  consists  in  converting  sodium  chloride  into  sulphate;  this 
part  of  the  operation  is  known  as  the* salt-cake  process.  It  consists  in  decomposing 
the  sodium  chloride,  in  a  specially  constructed  furnace,  with  chamber  acid 
(sulphuric  acid  having  a  specific  gravity  of  1.60  to  1.70).  In  many  works  a 
double  furnace  is  used,  as  shown  in  Fig.  no.  The  charge  of  salt,  usually  amount- 
ing to  several  hundred  pounds,  is  placed  in  the  central  pan,  and  an  equal  quantity 
of  the  sulphuric  acid  is  run  in;  there  is  an  immediate  evolution  of  large  quantities 
of  hydrochloric  acid,  according  to  the  following  reaction: 

NaCl         -h         H2SO4         -=         NaHS04         +         HCl. 

Sodium  Sulphuric  Acid  Sodium  Hydrochloric 

Chloride.  Acid.  Sulphate.  Acid. 

The  central  pan  in  which  this  reaction  takes  place  is  of  iron,  and  is  heated  by 
a  fire  underneath.  The  hydrochloric  acid  is  passed  into  coke  towers  (see  page 
168)  to  be  condensed  and  dissolved  by  cold  water,  forming  the  commercial 
hydrochloric  or  muriatic  acid.  The  residue  in  the  pan  consists  of  acid  sodium 
sulphate  with  some  undecomposed  chloride.  At  the  expiration  of  about  an  hour 
the  mass  is  raked  into  one  of  the  hearths  or  roasters  on  either  side;  here  the  reac- 
tion is  completed  by  the  higher  heat  from  the  furnaces  at  each  end : 

NaHS04         -  NaCl  NaaS04  t  HCl. 

Acid  Sodium  Sodium  Sodium  Hydrochloric 

Sulphate.  Chloride.  Sulphate.  Acid. 

The  hydrochloric  acid  which  is  evolved  is  recovered  as  in  the  preceding  part 
of  the  operation.  The  salt  which  remains  consists  of  about  95  per  cent,  sodium 
sulphate,  with  small  quantities  of  the  acid  sulphate,  sodium  chloride,  calcium 
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sulphate    feme  oxide    and  insoluble  matter;  it  is  commercially  known  as  ia&- 
caki\  or  frequently  siraplv  is  sulpliau 

The  sulphate  is  convertt.d  into  tarbonate  by  the  bUick-ask  process.     This  opera- 


tion consists  in  fusing  an  intimate  mixture  of  salt-cake,  calcium  carbonate  or  lime- 
stone, and  coal.    The  reactiiin  takes  plat-e  by  two  steps,  as  follows: 

NaaS04  |  iC  NaiS  i  aCOa. 


SODIUM  AND  CARBON. 
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The  sodium  sulphate  is  first  reduced  to  sulphide,  and  the  latter  reacts  with  the 
calcium  carbonate,  forming  calcium  sulphide  and  sodium  carbonate: 

NaaS         4  CaCOs  NagCOs  r         CaS. 

Sodium  Calcium  Sodium  Calcium 

Sulphide.  Carbonate.  Carbonate.  Sulphide. 

After  the  salt-cake  is  all  decomposed,  a  supplementary  reaction  between  the 
limestone  and  the  remaining  carbon  takes  place  whereby  at  once  quicklime  is 
formed  with  evolution  of  carbon  monoxide,  the  blue  flame  of  which  marks  the  end 
of  the  treatment. 

CaCOs     -f     C     -:     CaO     -r     2CO. 

When  the  black  ash  comes  to  be  lixiviated,  this  quicklime,  becoming  calcium 
dydroxide,  reacts  with  some  of  the  sodium  carbonate  to  form  sodium  hydroxide,  or 
caustic  soda. 

The  above  process  was  formerly  carried  out  in  an  ordinary  reverberatory  fur- 
nace, but  now  nearly  all  works  have  adopted  a  revolving  furnace,  as  shown  in  Fig. 
III.  The  charge  is  mtroduced  into  a  cylinder  b  from  cars  above,  and,  after  fusion 
from  the  heat  of  the  furnace  a,  is  run  out  into  cars  beneath.  The  heat 
from  A  is  introduced  through  the  axle  into  the  cylinder,  and  the  excess  passes  out 
through  the  other  side,  to  be  used  as  presently  described.  These  revolving  fur- 
naces accomplish  by  mechanical  means  what  was  formerly  very  difficult  and  costly 
labor, — namely,  thorough  mixing  of  the  material,  during  heating.  The  cylinder  is  re- 
volved very  slowly  at  first  and  finallv  not  faster  than  one  revolution  in  three  minutes. 

These  revolving  furnaces  are  made  of  wrought  iron  and  lined  with  fire-brick. 

Crude  soda  or  black-ash  has  about  the  following  composition  : 

Per  cent. 

Sodium  carbonate 45 

Calcium  sulphide .30 

Calcium  oxide 10 

Calcium  carbonate 5 

Foreign  matter 10 

Considerable  quantities  of  this  crude  soda  are  used  without  further  purification 
in  the  manufacture  of  green  glassware,  in  soap-making,  and  in  bleaching. 

The  next  step  in  the  Leblanc  process  consists  in  lixiviating  the  black -ash,  evap- 
orating the  solution,  and  crystallizing.  The  black -ash  is  allowed  to  weather  for  a 
short  time,  by  which  it  becomes  more  porous  and  more  easily  broken  into  small 
pieces;  it  is  then  treated  with  water  in  such  a  manner  as  to  effect  solution  with 
the  least  possible  amount  of  liquid. 

The  solution  is  evaporated  in  the  pans  d,  d.  Fig.  1 1 1,  by  the  waste  heat  from  the 
furnace.  The  crystals  which  separate  are  raked  out  into  e,  e.  These  crystals  are 
sometimes  dissolved  in  water  and  recrystallized,  by  which  they  become  crystal 
soda,  or,  as  is  much  oftener  the  case,  tney  are  calcined  on  the  hearth  of  a  rever- 
beratory furnace,  and  become  raw  soda  or  soda  ash. 

The  mother  liquor  from  the  first  crystallization  of  the  soda  contains  considera- 
ble quantities  of  sodium  hydroxide;  it  also  contains  some  chloride,  sulphate, 
cyamde,  and  sulphide  as  impurities.  These  are  in  part  gotten  rid  of  by  allowing 
the  liquor  to  run  down  a  coke  tower  in  which  it  meets  a  current  of  air;  the  latter 
oxidizes  the  sulphides  and  cyanides.  The  liquor  is  then  concentrated  until  it  has 
a  specific  gravity  of  i.io,  when  it  is  boiled  with  calcium  hydroxide,  which  removes 
carbonates  and  sulphates;  after  they  settle  out,  the  clear  liquor  is  drawn  off  into 
an  iron  vessel,  evaporated,  and  heated  to  redness,  when,  after  treatment  with  a 
little  sodium  nitrate  to  remove  all  cyanides,  the  caustic  alkali  is  run  into  iron  drums 
and  sent  into  commerce. 

Modifications  of  the  Leblanc  Process. — While  many  suggestions  have  been  made 
regarding  improvements  of  the  Leblanc  process,  comparatively  few  have  come 
into  use.  Tnat  devised  by  Hargreaves  and  Robinson  involves  an  important 
change  in  the  preparation  of  salt-cake.  It  consists  in  acting  directly  on  sodium 
chloride  by  sulphurous  oxide,  oxygen  (atmospheric),  and  watery  vapor.  The 
reaction  is  as  follows: 


SOa 

-f       0       -h 

HaO 

+ 

2NaCl 

-:      NaaSO* 

-f         2HCI. 

Sulphur 
Dioxide. 

Oxygen. 

Water. 

Sodium 
Chloride. 

Sodium 
Sulphate. 

Hydrochloric 
Acid. 
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The  sulphur  dioxide  is  furnished  directly  from  iron  pvrites  by  roasting.  The 
result  is  a  purer  product  at  a  lower  cost,  but  the  increasea  expense  of  installation, 
greater  consumption  of  fuel,  and  increased  outlay  of  labor  have  been  impediments 
to  its  general  adoption. 

Most  of  the  other  changes  which  have  met  with  favor  have  related  to  utiliza- 
tion of  the  waste  materials.  These  have  mostly  been  in  the  direction  of  recovering 
the  sulphur.  This  waste  consists  chiefly  of  calcium  sulphide  and  carbonate,  with 
small  quantities  of  other  compounds. 

By  Chance's  process  90  per  cent,  of  the  sulphur  is  recovered,  and  used  as  such, 
or  converted  into  sulphur  dioxide,  to  be  used  again  in  the  production  of  sodium 
carbonate.  The  process  consists  in  treating  the  alkali  w^aste  with  carbon  dioxide 
from  limekilns.    In  the  presence  of  moisture  the  following  reaction  takes  place: 


2CaS 

Calcium 
Sulphide. 


4- 


COa         -f 


Carbon 
Dioxide. 


H2O 
Water. 


CaCOs 

Calcium 
Carbonate. 


Ca(SH)a. 

Calcium. 
Sulphydrate. 


With  a  further  addition  of  carbon  dioxide  calcium  carbonate  is  formed,  with 
evolution  of  hydrogen  sulphide,  as  follows: 


Ca(SH)a 

Calcium 
Sulphydrate. 


+ 


COa 

Carbon 
Dioxide. 


4- 


H2O 
Water. 


CaCOs 

Calcium 
Carbonate. 


-f 


2H9S. 

Hydro^;eti 
Sulphide. 


This  hydrogen  sulphide  is  either  burnt  to  SOa  and  used  in  the  preparation  of 
sulphuric  acid,  or  the  quantity  of  air  with  which  it  is  heated  is  regulated  so  that  y 
free  sulphur  is  formed  as  follows: 


HaS 


-i- 


O 


HaO 


•f     S. 


A  part  of  the  alkali  waste  is  utilized  in  the  production  of  sodium  thiosulphate. 
as  described  under  that  salt. 

(4)  Soda  by  Electrolysis. — When  anodes  and  cathodes  are  placed  in  a  solution  of 

sodium  chloride,  with  porous  diaphragms  between  them  in  such  a  way  as  to  form 

water-tight  compartments,  and  the  electric  current  is  passed,  chlorine  is  generated 

in  all  the  positive  compartments  and  sodium  in  all  the  negative  ones.    The  reaction 

is  as  follows: 

2NaCl  Naa         4  Cla. 

Sodium  Sodium.  Chlorine. 

Chloride. 

The  chlorine  is  utilized  for  the  production  of  bleaching  powder.  The  sodium 
reacts  with  the  water,  producing  sodium  hydroxide. 

Carbon  dioxide  from  lime-kilns  is  then  passed  into  the  solution  of  sodium  hy- 
droxide, and  sodium  carbonate  forms  as  follows: 


2NaOH 

4. 

COa 

NaaCOa 

HaO 

Sodium 
Hydroxide. 

Carbon 
Dioxide. 

Sodium 
Carbonate. 

Water 

(5)  The  Ammonia-Soda  Process. — As  long  ago  as  1838  this  process  was  patented 
by  Dyer  and  Hemming,  but  was  first  conducted  on  a  commercial  scale  in  1855  by 
SchlOssing  and  Holland  near  Paris.  The  numerous  practical  difficulties,  however, 
were  not  overcome  until  Solvay,  in  1861,  established  a  manufactory  near  Brussels. 
Since  that  time  it  has  slowly  encroached  on  the  Leblanc  process,  so  that  in  1000 
the  world's  production  of  soda  ash  and  caustic  by  the  two  processes  amounted  to 
1,400  000  tons  by  the  ammonia-soda  process  and  400,000  bv  the  Leblanc  method. 

Leblanc  soda  does  not  appear  to  be  produced  in  the  United  States,  except, 
perhaps,  the  relatively  small  amount  from  the  natural  sodium  sulphate  in  Wyom- 
ing, while  the  production  of  soda  ash  by  the  Solvay  process  amounted  in  1904  to 
518,954  tons,  valued  at  $8,204,545. 

The  ammonia-soda  process  consists  in  decomposing  a  saturated  solution  of 
sodium  chloride  with  acid  ammonium  carbonate  as  foUows: 


NaCl 

S>odium 
Chloride. 


-h  NH4HCO3 

Acid 

Ammonium 

Carbonate. 


^         NaHCOs         + 


Acid 

Sodium 

Carbonate. 


NH4CI. 

Ammonium 
Chloride. 


SODIUM  AND  CARBON. 


34S 


In  practice  this  is  effected  by  running  the  salt  solution  down  through  a  column, 
which  meets  in  its  descent  the  ammonia  gas.  This  apparatus  in  which  the  brine 
is  saturated  is  either  iron,  tin  lined,  or  wood  lined,  with  lead.  The  ammonia  enters 
through  a  perforated  iron  plate,  by  which  it  is  broken  up  into  small  bubbles. 
Considerable  rise  of  temperature  takes  place  during  the  absorption,  and  the  satur- 
ated brine  is  passed  through  a  cooler  into  another  vessel,  in  which  it  is  saturated 
with  the  carbon  dioxide.    The  reaction  may  be  summed  up  as  follows: 


NaCl       -r       NHs       -f       COa       -f       HaO 

Sodium  Ammonia.  Carbon  Watei. 

Chloride.  ,  Dioxide. 


NaHCOa 

Acid 

Sodium 

Carbonate. 


-f        NH4CI. 
Ammonium 
Chloride. 


The  ammonia  is  produced  from  ammonium  chloride  and  calcium  or  magnesium 
oxide.  Originally  the  calcium  compound  was  emplo>red,  but  by  using  the  mag- 
nesium compound  magnesium  chloride  is  formed,  which  may  be  decomposed  by 
steam  with  the  production  of  hydrochloric  acid  and  magnesium  oxide.  The  pro- 
cess thus  becomes  a  continuous  one,  in  which  the  ammonia  and  magnesia  are  re- 
peatedly used  over,  while  the  fresh  materials  required  are  common  salt  and  carbon 
dioxide;  the  latter  is  obtained  from  the  lime-kilns,  from  magnesite,  or  from  fuel. 

The  sodium  bicarbonate  produced  in  this  process  is  collected  on  a  vacuum  filter, 
washed  with  a  small  quantity  of  cold  water,  and  dried.  It  is  converted  into  normal 
carbonate  bv  heat: 

2NaHC08      -     NaaCOa     4      COa     4      HaO. 

The  carbon  dioxide  is  used  to  furnish  a  part  of  that  required  to  saturate  the 
ammoniacal  brine. 

(6.)  Soda  front  Cryolite. — The  mineral  cryolite  occurs  in  enormous  deposits  in 
Greenland.  The  product  of  these  mines  is  brought  to  Philadelphia  and  converted 
into  sodium  carbonate  and  bicarbonate  at  the  works  of  the  Pennsylvania  Salt 
Company  in  Western  Pennsylvania.  This  mineral  has  the  composition  AlaFe. 
6NaP,  and  is  therefore  a  double  fluoride  of  sodium  and  aluminum.  When  the 
finel>r  divided  mineral  is  mixed  with  chalk  or  limestone  and  heated,  the  following 
reaction  takes  place :  v         „.,^  ■ 


y  2(AlF3.3NaF)       -h       eCaCOs 

^         Cr>'ol»te.     ^  Calcium 


Carbonate. 


Ala03.3NaaO       +        6CaFa       -h       6C0a. 

Sodium  Calcium  Carbon 

Aluminate.  Fluoride.  Dioxide 


The  fused  mass  is  treated  with  water,  whereby  the  soluble  sodium  aluminate 
is  dissolved;  carbon  dioxide  is  then  passed  through  this  solution  under  pressure, 
which  precipitates  the  aluminum  hyaroxide  and  forms  sodium  carbonate: 


NaeAlaOe 

i- 

1 

3C0, 

f 

3HaO 

sNaaCOa 

-1- 

Ala(0H)a. 

/^ 

Sodium 

Carbon 

Water. 

Sodium 

Aluminum 

/^ 

Aluminate. 

Dioxide. 

Carbonate. 

Hydroxide. 

The  clear  solution  is  run  off  from  the  precipitate,  and  the  sodium  carbonate 
allowed  to  crystallize.  The  annual  production  of  soda  salts  by  this  process  is 
stated  to  be  4,000  tons. 

Properties. — At  ordinary  temperature,  sodium  carbonate  crystallizes 
in  monoclinic  prisms  with  10  molecules  of  water,  from  a  saturated 
solution;  between  30**  and  50**,  it  crystallizes  in  rhombic  system  with  7 
molecules  of  water;  if  crystallization  takes  place  below  30°,  it  separates 
in  granular  crystals  with  one  molecule  of  water.  The  salt  is  odorless, 
and  has  an  alkaline  taste  and  reaction.  When  exposed  to  air  the  crys- 
tals become  white,  and  gradually  crumble  to  a  fine  white  powder,  losing 
about  one-half  of  their  water  of  crystallization,  amounting  to  31.46  per 
cent.  The  official  salt  (monohydrate)  is  a  white  crystalline,  granular 
powder,  odorless  and  with  a  strongly  alkaline  taste.  When  exposed  to 
the  air  under  ordinary  conditions  it  absorbs  only  a  slight  percentage  of 
moisture.     Exposed  to  warm,  dry  air  at  or  above  50**  C.  the  salt  efflor- 
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esces,  and  at  ioo°  C.  it  loses  its  water  of  crystallization  (14.52  per 
cent.  Soluble  in  2.9  parts  of  water  at  25^  C.  and  1.8  parts  of  boiling 
water.  The  salt  fuses  at  a  bright  red  heat,  or  about  814®.  When 
sodium  and  potassium  carbonate  are  taken  in  the  proportion  of  their 
molecular  weights,  the  mixture  fuses  at  a  considerably  lower  tempera- 
ture than  will  either  singly. 

Sodium  carbonate  is  perhaps  used  in  larger  quantity  and  in  a  greater 
variety  of  ways  than  any  other  alkaline  salt.  In  addition  to  being  em- 
ployed itself,  it  forms  the  base  from  which  many  other  sodium  salts  are 
prepared. 

Pure  soditun  carbonate  is  prepared  by  dissolving  the  commercial 
crystals  in  one-half  their  weight  of  water  at  30^  to  40°,  filtering  the  solu- 
tion, and  allowing  it  to  stand  in  a  cool  place.  The  small  crystals  which 
separate  are  collected  in  a  funnel,  allowed  to  drain  well,  and  then  washed 
with  a  small  quantity  of  cold  water,  or  with  a  saturated  solution  of  pure 
sodium  carbonate.  It  may  also  be  obtained  by  washing  sodium  bicar- 
bonate with  cold  water,  drying,  and  heating  the  residue  to  redness. 

The  impurities  in  the  commercial  carbonate  are  sodium  chloride  and 
sulphate,  with  perhaps  ammonium  salts. 

Dried  Sodium  Carbonate. — This  is  obtained  from  the  commercial 
crystals  by  allowing  them  to  effloresce  at  a  temperature  of  about  50® 
until  they  disintegrate,  and  then  drying  at  100°  C.  until  constant  weight 
is  obtained. 

Sodium  Bicarbonate  {Acid  Sodium  Carbonate).  Sodii  Bicarbonas, 
U.S. P. — ^This  salt  was  first  prepared  by  Valentine  Rose  in  1801.  It 
occurs  in  many  mineral  waters,  especially  those  of  Ems  and  Vichy. 

Preparation. — Sodium  bicarbonate  was  originally  prepared  by  passing  carbon 
dioxide  into  a  concentrated  solution  of  neutral  sodium  carbonate ;  the  bicarbonate, 
on  account  of  its  sparing  solubility,  separates  out: 

NagCOa      r     COa      t       H2O      -     2NaHC03. 

Since  the  solution  absorbs  carbon  dioxide  slowly,  the  commercial  process  con- 
sists in  making  an  intimate  mixture  of  4  parts  of  the  effloresced' carbonate  and  i  |>art 
of  the  crystals.  This  mixture  is  distributed  on  broad  shelves  in  a  room,  and  car- 
bon dioxide  from  some  cheap  source  is  passed  in  until  the  salt  is  saturated.  Large 
quantities  of  the  bicarbonate  are  now  produced  in  the  ammonia-soda  process  for 
making  the  neutral  carbonate,  and  this  furnishes  a  satisfactory  product  provided 
ammonium  salts  are  removed.  The  cryolite  process  for  the  neutral  carbonate 
also  furnishes  a  superior  bicarbonate ;  and  these  two  sources  now  practically  sup- 
ply the  American  markets,  since  importations  of  bicarbonate  have  almost  ceased 
entirely. 

Properties. — Sodium  bicarbonate  forms  in  small  monoclinic,  tabular 
crystals,  which  are  frequently  united  into  crusts.  As  found  in  the  shops, 
it  is  a  white,  opaque  powder,  permanent  in  the  air  under  ordinary  cir- 
cumstances, but  decomposing  slowly  in  moist  air.  It  has  a  mildly  alka- 
line taste,  and  the  cold  solution,  when  freshly  prepared,  gives  a  faintly 
alkaline  reaction  to  litmus  paper. 

The  crystals  have  a  specific  gravity  of  2.22  at  16®.  The  salt  is  soluble 
in  12  parts  of  water  at  15**,  and  at  a  higher  temperature,  in  the  presence 
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of  water,  it  loses  carbon  dioxide,  the  neutral  carbonate  beng  formed; 
at  the  boiling  temperature  it  is  entirely  converted  into  neutral  salt. 
Sodium  bicarbonate  is  insoluble  in  alcohol  and  ether. 

On  the  application  of  heat,  carbon  dioxide  and  water  are  given  off, 
with  the  formation  of  the  neutral  carbonate,  as  follows: 

2NaHCOs     ^=     NaaCOa     +     HaO     -j      COa 

The  reaction  may  be  completed  at  70**,  although  it  takes  place  more 
rapidly  at  100®,  and  when  complete  there  is  a  loss  of  36.9  per  cent. 
y^  Uses. — Sodium  bicarbonate  enters  into  the  composition  of  most  bak- 
/  ing  powders;  it  is  used  as  a  cheap  source  of  carbon  dioxide  in  the  pre- 
paration of  effervescent  drinks ;  and  it  has  considerable  use  in  the  textile 
industries,  especially  in  ungumming  silk  and  scouring  wool,  as  it  attacks 
the  fibre  less  than  soap  or  ammonia. 

/. 
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FormtUa,  NH4.  Molecular  Weight,  17.93.  Valence,  I. 

History. — ^The  salts  of  ammonium  were  known  to  the  ancients,  but 
ammonia  gas  was  first  collected  by  Priestley  in  1774,  although  it  was  pre- 
viously known  that  a  pimgent  odor  was  developed  on  adding  an  alkali 
to  sal  ammoniac.  BerthoUet,  in  1785,  determined  it  to  be  composed  of 
nitrogen  and  hydrogen. 

Theoretical  Considerations. — The  present  theory  concerning  am- 
monitun  salts  is  that  the  compound  NH^is  a  metal-like  body  which  com- 
bines with  the  acids  in  the  same  manner  that  sodium  and  potassitun  do. 
This  view  has  been  strengthened  by  the  formation  of  an  amalgam 
composed  of  the  radical  NH4  and  mercury.  When  ammonitun  chloride 
in  contact  with  mercury  is  subjected  to  the  electric  current,  a  bulky, 
buttery  mass  is  formed  which  is  considered  to  be  ammonitun  amalgam. 
The  same  product  is  obtained  by  placing  sodium  amalgam  containing  i 
per  cent,  of  sodium  in  a  concentrated  solution  of  ammonium  chloride, 
adding  at  the  same  time  a  few  fragments  of  the  salt.  The  bulky  amal- 
gam which  is  formed  becomes  crystalline  at  a  very  low  temperature, 
and  at  — 29®  begins  to  decompose,  forming  2  volumes  of  ammonia  gas 
and  I  volume  of  hydrogen.  The  salts  of  ammonium  most  closely  resem- 
ble those  of  potassium,  with  which  they  are  isomorphous. 

Occurrence  and  Sources. — The  salts  of  ammonitun  are  widely  dis- 
tributed in  nature.  The  carbonate,  nitrate,  and  nitrite  are  found  in 
small  quantities  in  the  atmosphere,  in  rain,  and  in  snow;  the  chloride 
is  found  in  many  volcanic  gases;  many  of  the  above,  as  well  as  other 
compounds  of  ammonium,  are  found  in  the  soil,  and  in  the  secretions  of 
plants  and  animals. 

One  of  the  chief  inorganic  sources  of  ammonium  salts  is  the  native 
carbonate  in  the  guano  deposits  of  South  America ;  the  salt  which  exists 
in  this  guano  is  the  acid  carbonate,  NH^HCO^. 
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The  suffotii  of  Tuscany  yield,  besides  boric  add,  a  considerable  quantity 
of  ammonium  sulphate;  in  one  locality  four  suffoni  yield  some  1500 
kilos  of  ammonium  sulphate  in  34  hours.  This  salt  is  supposed  to  have 
resulted  from  the  decomposition  of  organic  matter  in  the  Tuscan  moun- 
tains, since  the  soil  in  the  vicinity  of  the  lagoons  is  impregated  with 
ammonium  sulphate. 

The  organic  sources  of  ammonium  salts  are  of  the  greatest  importance, 
and  yield  nearly  all  of  the  commercial  salts;  of  these  stale  urine  and  the 
product  from  the  distillation  of  bones  formerly  played  an  important 
part,  but  at  the  present  time  practically  the  entire  supply  comes  from 
gas-liquor,  from  the  condensed  gases  of  coke-ovens  and  iron-works,  and 
from  the  watery  distillate  of  shale-works.  These  various  ammoniacal 
liquors  arc  treated  according  to  the  salt  required,  usually  the  chloride 

I   or  sulphate,  the  details  of  which  will  be  considered  under  the  respective 

I  salts. 

I  HALOGEN  SALTS  OF  AMMONIUM. 

Ammonium  Chloride,  NH,C1  (Sal  Ammoniac).  Aromonii  Chloridum, 
U.S. P. — Sal  ammoniac  was  prepared  in  earlier  times  in  Eygpt  by  the 
sublimation  of  the  ashes  and  soot  resulting  from  the  burning  of  camel's 
dung,  which  was  there  used  as  fuel.  The  salt  may  be  prepared  by  the 
direct  union  of  equal  volumes  of  the  gases,  ammonia,  and  hydrochloric 
acid. 

At  the  present  time  the  ammoniacal  water  from  gas-works  or  similar 
sources  is  neutralized  with   hydrochloric  acid,  or  oftener  the  ammonia 
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gas  is  liberated  from  these  liquors  by  lime  and  passed  into  the  hydro- 
chloric acid.  The  salt  is 'first  partly  purified  by  crystallization,  and  then 
it  is  sublimed.  This  operation  is  usually  conducted  in  cast-iron  vessels 
(Fig,  112)  lined  with  fire  clay,  the  dome  sometimes  being  of  earthenware 
or  glass.  The  crude  salt  is  rammed  in  tightly,  and  then  heat  is  applied, 
gently  at  first  in  onler  to  drive  off  moisture;   a  small  hole  is  left  in  the 
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top  of  this  dome  to  allow  the  escape  of  this  moisture.  When  the  cake 
of  sublimed  salt  in  the  dome  has  reached  a  sufficient  thickness, — from 
6  to  12  centimeters,  according  to  the  size  of  the  caldron, — the  dome  is 
raised  and  the  cake  removed.  When  prepared  in  iron  vessels  sal 
ammoniac  is  usually  contaminated  with  some  of  that  metal;  this  may 
be  prevented  by  adding  to  the  charge,  before  subliming,  about  5  per  cent, 
of  calcium  phosphate,  by  which  means  any  ferric  chloride  is  decomposed 
and  remains  behind  as  phosphate.  The  crystalline  and  granular  ammoni- 
um chloride  is  prepared  by  adding  to  the  powdered  salt  a  hot,  saturated 
solution  of  the  same,  so  as  to  form  a  magna  of  crystals,  which  are  placed 
in  moulds  similar  to  those  used  in  the  manufacture  of  loaf-sugar;  after 
thorough  draining,  the  whole  is  dried,  and  the  loaf  of  the  salt  is  removed 
and  packed  for  shipment.  A  former  official  process  consisted  in  adding 
to  a  solution  of  the  salt  a  little  ammonium  hydroxide,  filtering,  evapo- 
rating, and  granulating;  this  process  was  for  the  purpose  of  removing 
iron. 

Properties. — Ammonium  chloride  comes  in  commerce  as  sublimed 
sal  ammoniac,  in  concavo-convex  cakes  of  fibrous  crystals  or  else  as 
crystallized  sal  ammoniac,  in  the  form  of  small,  white  octahedra  or 
cubes.  The  salt  is  odorless,  with  a  cooling,  saline  taste,  and  permanent 
in  the  air.  It  is  soluble  in  2  parts  of  water  at  25^,  and  in  i  part  of  boiling 
water,  and  in  50  parts  of  alcohol  at  25®.  On  the  application  of  a  low 
red  heat,  the  salt  is  completely  volatilized  without  residue.  Its  aqueous 
solution  is  neutral  to  litmus  paper. 

Ammonium  chloride  reacts  slightly  acid  towards  phenolphtalein,  and 
as  this  property  is  characteristic  of  the  other  ammonium  salts,  this  indi- 
cator cannot  be  used  in  their  presence. 

Uses. — Ammonium  chloride  is  used  extensively  as  a  medicinal  agent 
for  soldering,  in  calico  printing  and  dyeing,  and  in  the  manufacture  of 
a  number  of  pigments ;  considerable  quantities  are  also  used  as  a  reagent 
in  the  laboratory. 

Ammonium  Bromide,  NH^Br.  Ammonii  Bromidum,  U.S. P. — ^This 
salt  is  prepared  by  neutralizing  hydrobromic  acid  with  ammonium 
hydroxide  or  carbonate  (see  page  174): 

NH4OH         -f         HBr  NH4Br         -f  HaO. 

Ammonium  Hydrobromic  Ammonium  Water. 

Hydroxide.  Acid.  Bromide. 

It  is  also  made  by  decomposing  ferrous  bromide  with  ammonium 
hydroxide: 

FeBfQ         -I  2NH4OH         =         2NH4Br  f  Fe(OH)a. 

Ferrous  Ammonium  Ammonium  Ferrous 

Bromide  Hydroxide.  Bromide.  Hydroxide. 

The  ferrous  hydroxide  is  bulky  and  not  completely  precipitated  until 
solution  is  boiled,  by  which  it  is  converted  into  ferric  hydroxide,  FeCOH)^. 

Properties. — Ammonium  bromide  occurs  in  colorless,  transparent, 
prismatic  crystals,  or  as  a  white,  crystalline  powder;  the  latter  is  made 
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up  of  minute  cubes.  It  is  odorless,  has  a  pungent,  saline  taste,  and  has 
a  slightly  acid  reaction  towards  litmus  paper.  When  exposed  to  the 
air,  the  salt  undergoes  slight  decomposition,  becoming  of  a  yellowish 
color.  It  is  soluble  in  1.2  parts  of  water  at  25°,  and  in  0.7  part  of  boiling 
water,  in  12.5  parts  of  alcohol  at  25°,  and  in  9  parts  of  boiling  alcohol. 
When  heated,  the  salt  volatilizes  completely  without  melting. 

Uses. — ^The  chief  use  of  ammonium  bromide  is  in  medicine,  where  in 
many  cases  it  replaces  potassium  bromide  with  advantage. 

Ammonium  Iodide,  NH^I.  Ammonii  lodidum,  U.S. P. — The  simplest 
method  of  preparing  this  salt  is  by  neutralizing  hydriodic  acid  with 
ammonia  : 

NH4OH         I         HI  -        NH4I        -I         HaO. 

V  Ammonium  Hydriodic  Ammonium  Water. 

}/  Hydroxide.  Acid.  Iodide. 

Hydriodic  acid  is  prepared  with  some  difficulty  and  expense,  so  that 
other  methods  have  been  tried  with  moderate  success;  in  one  of  these 
powdered  iodine  is  added  to  freshly  prepared  ammonium  sulphydrate. 
forming  ammonium  iodide,  hydrogen  sulphide,  and  sulphur : 

//  I9         i  2NH4HS  2NH4I  HaS  S. 


y 


Iodine.  Ammonium  Ammonium  Hydrogen  Sulphur. 

Sulphydrate.  Iodide.  Sulphide. 


It  has  been  found  impossible  to  remove  all  sulphur  from  the  iodide 
in  this  process. 

The  following  method  was  official  in  the  U.  S.  Pharmacopoeia  of  1870: 
Concentrated  hot  solutions  of  33  parts  potassium  iodide  and  13  parts 
ammonium  sulphate  are  mixed,  stirred  well,  mixed  with  alcohol,  and  the 
whole  cooled  to  40°:  A"*'^'  ^ 


V-  2KI  (NH)9S04  2NH4I  -  KaS04.v    , 

.   /  Potassium  Ammonium  Ammonium  Potassium  \ 

y  Iodide.  Sulphate.  Iodide.  Sulphate.      "- 


The  mixture  is  then  thrown  into  a  funnel,  previously  stopped  with 
cotton,  allowed  to  drain,  and  the  residual  potassium  sulphate  washed 
with  a  mixture  of  2  volumes  of  water  and  i  volume  of  alcohol.  The 
filtrate  containing  the  ammonium  iodide  is  then  evaporated  carefully 
to  dryness,  stirring  in  order  to  granulate  the  salt. 

When  prepared  according  to  this  process  ammonium  iodide  always 
contains  small  quantities  of  ammonium  sulphate.  The  product  should 
be  kept  in  small,  well-stopped  vials  protected  from  the  light. 

Properties. — Ammonium  iodide  occurs  in  minute,  colorless,  cubical 
crystals,  odorless,  and  having  a  sharp  saline  taste.  It  is  soluble  at  25° 
in  0.6  part  of  water  and  in  9  parts  of  alcohol,  in  0.43  part  of  boiling 
water  and  in  3.7  parts  of  boiling  alcohol.  When  heated,  it  evolves 
vapors  of  iodine  and  completely  volatilizes  without  melting.  Its  aqueous 
solution  is  neutral  to  litmus  paper. 

Ammonium  iodide  deliquesces  when  exposed  to  the  air,  and  gradually 
decomposes  with  a  yellow  color,  due  to  the  liberation   of  free  iodine. 
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The  colored  salt  has  a  faint  odor  of  iodine.  It  should  not  be  decom- 
posed, when  colored,  but  may  be  reclaimed  by  dissolving  in  water, 
decolorizing  with  a  small  quantity  of  ammonia  water,  evaporating  and 
granulating.  /  //  '  ( 

;  ^;  4,\i  AMMONIUM  AND  SULPHUR.    (    /    '    '^       ^  "^ 

Ammonium  Monosulphide  (NH4)2S. — When  2  volumes  of  ammonia  gas  and  1 
volume  of  hydrogen  sulphide  are  mixed  at  a  temperature  of  — 18®,  ammonium 
monosulphide  is  formed.  It  forms  colorless,  glittering  crystals,  which  commence 
to  decompose  at  ordinary  temperatures  into  ammonia  and  ammonic  sulphydrate. 
This  compound  is  prepared  in  aqueous  solution  by  saturating  3  parts  01  solution 
of  ammonia  with  hydrogen  sulphide  and  then  adding  2  parts  of  ammonia  water. 
This  is  the  official  test-solution.  It  is  a  valuable  reagent  in  the  laboratory,  and  is 
very  extensively  used.  \^ 

Ammonium  Hydrosulphide,  NH4SH. — This  compound  is  obtained  w^hen  ammonia 
gas  and  hydrogen  sulphide  are  mixed  at  ordinary  temperatures;  on  cooling  to  o®, 
colorless,  acicular  crystals  separate.  These  crystals  are  formed  when  alcoholic 
ammonia  is  saturated  with  hydrogen  sulphide.  The  compound  is  formed  in  aqueous 
solution  when  aqueous  ammonia  is  saturated  with  hydrogen  sulphide: 

NH4OH     -T      H2S     -     NH4SH     -f     HaO.     U  ci  ^        ^^^     '    ' 

This  solution  and  the  preceding  one  of  ammonium  monosulphide  are  colored 
yellow  on  standing,  owing  to  the  formation  of  the  higher  ammonium  sulphides 
and  water.  There  are  at  least  three  of  these  higher  sulphides:  ammonium  tetra- 
sulphide,  (N  114)284,  obtained  by  cooling  the  mother  liquor  from  the  pentasulphide 
and  saturating  it  with  ammonia  and  hydrogen  sulphide :  ammonium  pentasulphide, 
(NH4)2S6,  prepared  b)^  dissolving  sulphur  in  the  solution  of  hydrosulphide;  and 
ammonium  heptasulphide,  (NH4)2S7,  formed  when  the  pentasulphide  is  exposed 
to  the  air. 

OXYGEN  SALTS  OF  AMMONIUM. 

Ammonium  Sulphate,  {N}l^)2S0^. — This  salt  is  met  with  as  a  by- 
product in  the  manufacture  of  boric  acid,  and  is  found  native  as  the 
mineral  mascagnite.  It  is  prepared  by  saturating  ammoniacal  gas- 
liquor  with  sulphuric  acid,  evaporating  rapidly,  and  removing  the  crystals 
as  they  form  by  perforated  ladles.  As  thus  obtained  the  crystals  are 
of  a  dark  color.  They  are  first  allowed  to  drain  well,  then  dissolved  in 
water,  treated  with  animal  charcoal,  filtered,  and  recrystallized. 

Properties. — Ammonium  sulphate  occurs  in  large,  transparent, 
rhombic  crystals,  isomorphous  with  potassium  sulphate.  They  are 
soluble  in  1 .3  parts  of  water  at  1 5°  and  in  i  part  of  boiling  water,  insoluble 
in  absolute  alcohol,  but  slightly  soluble  in  ordinary  alcohol.  On  the 
application  of  heat  the  crystals  melt  at  140^;  at  280°  they  decompose, 
with  evolution  of  ammonia,  water,  and  nitrogen;  at  the  same  time 
ammonium  sulphite  with  some  sulphate  sublimes. 

Uses. — Ammonium  sulphate  is  one  of  the  most  useful  of  the  ammonium 
salts,  since  it  forms  the  easiest  method  of  recovering  the  ammonia  from 
gas-liquors,  and  it  is  then  used  as  a  basis  for  the  preparation  of  the  other 
ammonium  salts.  It  is  especially  employed  in  the  manufacture  of 
ammonia-alum  and  as  a  fertilizer.  — 

The  world's  production  of  ammionum  sulphate  in  1902  was  548,500 
tons,  of  which  Great  Britain  produced  225,500  tons  and  the  United 
States  65,000  tons. 
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Ix^'  Ammonium  Nitrate,  NH^NO,. — ^The  usual  process  for  obtaining  this 
salt  is  by  saturating  nitric  acid  witiyammonium  hydroxide  or  carbonate;^ 
a  somewhat  more  economical  method  consists  in  mixing  solutions  of 
ammoniiun  sulphate  and  potassium  nitrate ;  the  result  is  double  decom- 
position with  the  formation  of  potassiimi  sulphate  and  ammonium 
nitrate;  the  latter,  being  much  more  soluble,  is  obtained  after  the  potas- 
sium sulphate  has  crystallized  out. 

Properties. — Ammonitmi  nitrate  is  found  in  commerce  in  long,  thin, 
colorless,  rhombic  prisms,  or  in  white,  fused  masses,  or  as  a  white,  granular 
powder;  it  is  odorless,  has  a  sharp,  bitter,  saline  taste,  and  is  somewhat 
deliquescent.  Its  aqueous  solution  is  neutral  to  litmus  paper.  The 
salt  is  soluble  at  15°  in  0.5  part  of  water  and  in  20  parts  of  alcohol;  it  is 
very  soluble  in  boiling  water  and  in  3  parts  of  boiling  alcohol.  It  melts 
at  165°,  and  between  230^  and  250°  it  is  decomposed  into  nitrogen  mon- 
oxide and  water,  as  follows  : 

NH4NO8     --     NaO     -f     aHaO. 

A  small  proportion  of  the  salt  is  sublimed  unchanged  at  the  same 
time.     The  fused  salt  acts  as  an  energetic  oxidizing  agent. 

Uses. — Ammonium  nitrate  is  used  largely  in  the  production  of  nitrogen 
monoxide,  or  laughing  gas.  The  salt  when  dissolved  in  water  produces 
a  decided  fall  in  temperature. 

Ammonium  Nitrite,  NH4NO2,  is  formed  by  decomposing  a  solution  of  silver 
nitrite  with  ammonium  chloride  : 

NH4CI      I      AgNOa      -     NH4NOa      i      AgCl. 

The  crystals  are  obtained  from  this  by  evaporating  the  filtrate  at  ordinary  temper- 
atures over  sulphuric  acid.  Ammonium  nitrite  occurs  in  indistinctly  crystalline 
masses,  which  aecompose  when  heated,  yielding  water  and  nitrogen. 

Normal  Ammonium  Phosphate,  (NH4)8P04.3HaO,  is  sometimes  found  in  guano ; 
it  is  also  obtained  by  mixing  a  concentrated  ^lution  of  hydrogen  diammonium 
phosphate  with  water  of  ammonia.  There  are  deposited  small  prismatic  or 
acicular  crystals,  which  decompose  when  exposed  to  the  air,  or  when  the  solution 
is  boiled. 

Hydrogen  Diammonium  Phosphate,  (NH4)aHP04,  is  also  found  in  some  guanos, 
and  is  prepared  by  evaporating  a  solution  of  phosphoric  acid  with  a  slight  excess 
of  ammonia.    The  salt  is  deposited  in  transparent  monoclinic  prisms. 

Dihydrogen  Ammonium  Pnosphate,  NH4HaP04. — When  the  phosphoric  acid  is  in 
slight  excess  over  the  ammonia,  crystals  of  this  compound  separate  out. 

Hydrogen  Ammonium  Sodium  Phosphate,  HaNH4HP04.4HaO. — Microcosmic 
salt  occurs  in  guano  and  in  putrid  urine.  The  salt  is  prepared  by  dissolving  5 
parts  of  ordinary  sodium  phosphate,  NaaHP04.i2HaO,"  in  hot  water,  adding  it  to  a 
not  solution  of  the  ordinary  ammonium  phosphate,  (NH4)aHP04,  and  allowing 
the  solution  to  cool.  The  salt  separates  in  transparent,  monoclinic,  prismatic 
•  crystals.  They  have  a  distinctly  saline  taste,  and  are  readily  soluble  in  water.  On 
the  application  of  heat  the  salt  melts,  gives  off  water  and  ammonia,  and  leaves  a 
residue  of  the  dihydrogen  sodium  phosphate ;  the  further  application  of  heat  melts 
this  salt  to  clear  liquid  with  further  loss  of  water,  and  with  the  formation  of  sodium 
hexametaphosphate,  which  forms  a  clear  glass  on  cooling.  Because  of  this  property 
of  forming  a  clear  glass  the  salt  is  largely  used  in  blowpipe  analysis. 

Ammonium  Carbonate,  NH^HCOg.NH^NHjCOj.  Ammonii  Carbonas, 
U.S.P. — As  will  be  seen  from  the  ,above  formula,  the  official  salt  is  a 
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the  Eastern  Hemisphere  was  made  by  neutralizing  the  native  boric  acid  of 
Tuscany  with  sodium  carbonate,  The  production  of  borax  in  California 
and  Nevada  in  1904  was  45,642  tons  of  crude  ore,  valued  at  $698,810, 
having  a  value  after  being  refined  of  $2,735,000. 

Properties. — Sodium  borate  occurs  in  colorless,  transparent,  pris- 
matic cr>'stals,  or  as  a  white  powder;  it  is  odorless,  and  has  a  sweetish, 
alkaline  taste.     In  warm,  dry  air  it  is  slightly  efflorescent. 

The  salt  dissolves  in  20.4  parts  of  water  at  25°,  and  0.5  part  of  boiling 
water;  it  is  insoluble  in  alcohol.  At  80°  it  is  soluble  in  i  part  of  glycerin. 
On  the  application  of  heat,  borax  first  loses  a  part  of  its  water  of  crystalli- 
zation, and,  without  melting,  swells  to  a  white,  porous  mass.  When  the 
heat  is  increased  to  redness,  the  remainder  of  the  water  is  driven  off, 
amounting  to  47.14  per  cent.,  and  the  salt  fuses  to  a  colorless  liquid, 
which  on  cooling  hardens  to  a  transparent  glass  known  as  borax  glass. 
The  aqueous  solution  of  the  salt  reacts  alkaline  towards  litmus  paper, 
and  colors  yellow  turmeric  paper  brown. 

Uses. — On  account  of  its  solvent  action  on  metallic  oxides,  borax  is 
largely  used  in  soldering  and  welding.  Its  extended  use  in  metallurgical 
operations  and  in  blowpipe  analysis  is  well  known.  It  enters  into  the 
composition  of  some  soaps,  is  used  as  a  preservative,  and  is  employed  in 
the  manufacture  of  certain  kinds  of  glass,  and  in  some  enamels. 

Octahedral  Borax  is  a  variety  with  5  molecules  of  water  of  crystallization.  It  is 
formed  by  allowing  crystallization  to  take  place  above  60°.  This  is  accomplished 
by  dissolving  ordinary  borax  in  boiling  water  until  the  solution  has  a  specific  grav- 
ity of  1.246,  and  then  allowing  it  to  cool  slowly;  the  crystallization  begins  when 
the  temperature  reaches  79°.     Below  56°  ordinary  prismatic  borax  crystallizes. 

Sodium  Alctaboraic,  NaBOa.4HaO. — This  salt  is  formed  when  i  molecule  of  borax 
is  fused  with  i  molecule  of  sodium  carbonate ;  the  product  is  the  anhydrous  salt, 
f  hich,  when  dissolved  in  water  and  allowed  to  crystallize,  separates  with  4  mole- 
cules of  water. 

Sodium  Orthoborate,  NasBOa. — When  boron  trioxide  is  fused  with  sodium  hydrox- 
ide the  following  reaction  takes  place: 

BaOs  f  6NaOH         -=         2Xa3B03  3HaO 

Boron  Trioxide.  Sodium  Hydrate.  Sodium  Orlhoborale.  Water. 

This  salt  is  very  unstable,  and  cannot  exist  in  solution,  since  it  is  converted 
by  water  into  the  metaborate. 

Sodium  Perborate,  NaBOs,  has  been  obtained  as  a  white  powder  decomposing 
in  the  presence  of  water  into  hydrogen  dioxide  and  borax.  100  grams  of  sodium 
perborate  will  liberate  10  grams  or  70  volumes  of  active  oxygen. 

OXYGEN  SALTS  OF  SODIUM  AND  SILICON. 

SODIUM    SILICATES. 

Sodium  silicate  is  a  constituent  of  many  minerals  and  of  glass.     There 

are  at  least  three  compounds  of  silicic  acid  with  sodium,  which  are 

formed  according  to  the  proportion  of  the  constituents  entering  into 

the  reaction.     When  quantities  of  silica  and  sodium  carbonate,  equal 

to  their  respective  molecular  weights,  are  fused  together,  sodium  meta- 

fllicate,  Na^iO,,  is  formed. 
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This  compound  is  soluble  in  water,  and  when  it  is  dissolved  in  that 
liquid  and  slowly  evaporated,  it  separates  in  monoclinic  crystals  with  6 
molecules  of  water  of  crystallization.  If  in  the  fusion  an  excess  of  sodium 
carbonate  be  used,  the  trisilicate,  Na^jSijOj^,  is  formed. 

Commercial  sodium  silicate,  or  ivater  glass,  consists  chiefly  of  sodium 
tetrasilicate,  Na^jS^Op.  It  is  prepared  by  fusing  together  45  parts  of 
powdered  quartz  or  fine  sand,  23  parts  of  dry  sodium  carbonate,  and  3 
parts  of  charcoal.  The  fused  product  is  run  into  a  tank  of  water,  which 
has  the  effect  of  converting  it  into  small  porous  masses,  which  are  more 
easily  dissolved  in  water.  The  solution  in  water  is  a  thick,  viscid  liquid, 
which  sets  to  form  a  translucent  jelly.  As  ordinarily  found  in  practical 
use,  it  is  a  semi-transparent,  almost  colorless,  or  yellowish,  or  pale  green- 
ish-yellow, viscid  liquid,  odorless,  having  a  sharp,  saline,  and  alkaline 
taste,  and  an  alkaline  reaction.     Specific  gravity,  1.300  to  i.4ro  at  15®. 

Soluble  glass  is  used  largely  as  a  bandaging  material,  enters  into  the 
compostion  of  many  cements,  and  is  used  in  large  quantities  in  the  manu- 
facture of  silicated  soaps. 

Sodium  Fluosilicatc,  NagSiFe. — This  compound  is  also  known  as  sodium  silico- 
fluoride.  It  is  prepared  by  neutralizing  hydrofluosilicic  acid  with  sodium  hydroxide 
or  carbonate.  Like  the  corresponding  potassium  salt,  it  is  not  very  soluble  in 
cold  water.  It  is  stated  to  have  jx)werful  antiseptic  properties,  ana  has  been 
introduced  into  medicine  under  the  name  of  "Salufer." 

OXYGEN  vSALTS  OF  SODIUM  AND  CARBON. 

Sodium  Carbonate,  NagCOj.HgO.     Sodii  Carbonas  Monohydratus, 
U.S. P.     (Commercial  Soda  Crystals,  Na^CO.^.  loHjO.) 
'^  -^  History. — Sodium   carbonate,  or  soda,  has    been   known  since  the 

earliest  times.     It  was  not  originally  distinguished  from  potash,  both 
being  designated  by  the  term  nitrum. 

Duhamel,  in  1736,  and  Marggraf,  in  1759,  were  the  first  to  draw  a 
sharp  distinction  between  the  two ;  tlic  former  showed  the  base  of  com- 
mon salt,  borax,  and  the  ashes  of  sea  plants  to  be  one  and  the  same; 
the  latter  designated  soda  as  mineral  alkali,  and  distinguished  it  from 
potash  by  the  yellow  color  it  imparted  to  the  flame. 

Nearly  all  the  soda  was  obtained  previous  to  1793  from  the  ashes  of 
sea  plants,  called  varcc  or  kelp.  These  sea-weeds  were  collected  on  the 
northwest  coasts  of  France,  Ireland,  and  Scotland. 

One  of  the  immediate  results  of  the  French  Revolution  was  to  cause 
a  demand  for  soda  from  some  other  source  than  sea-weeds.  On  inves- 
tigating the  var  ous  processes,  it  was  found  that  an  apothecary. 
Nicolas  Leblanc,  associated  with  Dize,  was  operating  a  small  manufac- 
tory at  St.  Denis,  in  which  he  used  sea  salt  to  furnish  the  sodium  for  his 
sodium  carbonate.  The  manufactory  became  a  national  establish- 
ment, and  was  successfully  at  work  in  1 794.  Other  manufactories  by  this 
process  were  more  successful  at  Marseilles,  and  the  orginal  one  was  soon 
closed.     The  industry  was  established  in  England  in  1823  by  Muspratt. 

There  is  probal:)ly  no  operation  in  the  whole  field  of  industrial  chem^ 
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istry  that  has  undergone  so  few  fundamental  changes.  So  far  as  the 
material  employed  and  the  reactions  involved  are  concerned,  they 
remain  the  same  as  in  the  original  process.  It  is  true  that  many 
improvements  have  been  introduced,  but  they  have  been  of  a  mechan- 
ical nature  or  have  related  to  the  utilization  of  waste  material.  In 
more  recent  times  entirely  different  processes  have  been  established, 
the  most  successful  ones  being  that  by  Thomscn  (1851),  in  which  cryo- 
lite is  used,  that  by  Solvay  (1873),  known  as  \j\\^  ammonia-soda  process, 
and  the  several  processes  which  electrolyze  sodium  chloride. 

Occurrence.-— Sodium  carbonate  is  found  in  the  ash  of  all  plants, 
but  especially  in  that  from  sea  plants  and  those  growing  near  salt  waters. 
It  is  also  found  in  the  waters  of  many  mineral  springs,  often  in  the  form 
of  bicarbonate.  An  efflorescence  or  deposit,  consisting  largely  of  sodium 
carbonate,  occurs  in  the  soil  of  many  rainless  localities,  as  in  Egypt, 
Mexico,  parts  of  South  America,  and  in  the  drier  parts  of  the  United 
States,  there  being  unknown  quantities  in  California,  Wyoming,  and 
Nevada,  and  probably  in  some  other  Western  States.  The  native  pro- 
duct in  this  country  was  produced  to  the  amount  of  25,000  tons  in  1902. 

Prepmration. — (i)  Native  Soda. — The  soda  which  occurs  in  nature  consists 
almost  entirely  of  the  sesquicarbonate,  having  the  formula  2NaHC03.Na8C03. 
aHaO.  That  which  is  brought  from  Egypt  is  usually  known  as  Trofta-soda,  that 
from  South  America  (Colombia)  and  Mexico  is  called  Urao-soda,  and  the  small 
quantity  brought  into  commerce  from  Hungary  is  known  as  Szek, 

(a)  ^oda  from  the  Ashes  of  Plants. — The  amount  found  in  the  ashes  of  sea  and 
iea-coast  plants  is  from  5  to  30  per  cent.     The  soda  from  Spain  is  usually  known 
as  ScUsola  soda  and  Barilla;  that  from  the  south  of  France  is  called  Salicox  or 
Blanqtiette  soda;  and  that  prepared  from  the  species  of  Fucus,  used  also  in  the 
preparation  of  bromine  ana  iodine,  is  called  Kelp  soda  in  Scotland,  and  Varec 
soda  in  Normandy  and  the  Channel  Islands.     Potassium  is  far  more  widely  distri- 
buted in  plants  than  sodium,  but  those  plants  growing  in  or  near  the  salt  water  take 
up  large  quantities  of  sodium  chloride  and  convert  it  into  salts  of  the  organic  acids. 
(3)   I  he  Leblanc  Process. — When  sodium   carbonate   is   manufactured   by   this 
method,  the  first  step  consists  in  converting  sodium  chloride  into  sulphate;  this 
port  of  the  operation  is  known  as  the* salt-cake  process.    It  consivSts  in  decomposing 
the  sodium    chloride,    in   a  specially    constructed    furnace,    with    chamber  acid 
{sulphuric  acid   having  a  specific  gravity   of    1.60   to    1.70).     In   many  works  a 
double  furnace  is  used,  as  shown  in  Fig.  1 10.    The  charge  of  siilt,  usually  amount- 
ing to  several  hundred  pounds,  is  placed  in  the  central  pan,  and  an  equal  quantity 
of  the  sulphuric  acid  is  run  in;  there  is  an  immediate  evolution  of  large  quantities 
of  hydrochloric  acid,  according  to  the  following  reaction : 

NaCl         4-         HaS04         =-         NaHSO*         +         HCl. 

Sodium  Sulphuric  Acid  Sodium  Hydrochloric 

Chloride.  Acid.  Sulphate.  Acid. 

The  central  pan  in  which  this  reaction  takes  place  is  of  iron,  and  is  heated  by 
4  fire  underneath.  The  hydrochloric  acid  is  passed  into  coke  towers  (see  page 
168)  to  be  condensed  and  dissolved  by  cold  water,  forming  the  commercial 
Mrochloric  or  muriatic  acid.  The  resiciue  in  the  pan  consists  of  acid  sodium 
Sulphate  with  some  undecom posed  chloride.  At  the  expiration  of  about  an  hour 
the  mass  is  raked  into  one  of  the  hearths  or  roasters  on  either  side;  here  the  reac- 
tion is  completed  by  the  higher  heat  from  the  furnaces  at  each  end : 

NaHS04         -  NaCl  NaaS04  \  HCl. 

Acid  Sodium  5>odiuni  Sodium  Hydrochloric 

Sulphate.  Chloride.  Sulphate.  Acid. 

The  hydrochloric  acid  which  is  evolved  is  recovered  as  in  the  preceding  part 
^'f  the  operation.  The  salt  which  remains  consists  of  about  95  per  cent,  sodium 
(ulphate,  with  small  quantities  of  the  acid  sulphate,  sodium  chloride,  calcium 
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sulphate    feme  oxide     ind  msolubk  inatlcir;  it  is  L-ommcrcially  known  us  salt- 
eaki     or  frc<[ueiitl\   i.iinpl\     is  siil/^li  ilt'. 

rhe  sulphate  IS  Lonvtrlod  intu  t  irbunatc  liy  the  black-ash  process.    This  open- 


of  salt-oiike.  calcium  carbonate  o 
by  twi)  slujs,  us  follows: 

NaaS  -i  jCOs. 
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The  sodium  sulphate  is  first  reduced  lo  sulphide,  and  the  latter  reacts  with  the 
calcium  carbonate,  forming  calcium  sulphide  and  sodium  carbonate: 

NaaS         -t  CaCOs  NaaCOa  r         CaS. 

Sodium  Calcium  Sodium  Calcium 

Sulphide.  Carbonate.  Carbonate.  Sulphide. 

After  the  salt-cake  is  all  decomposed,  a  supplementary  reaction  between  the 
limestone^  and  the  remaining  carbon  takes  place  whereby  at  once  quicklime  is 
formed  with  evolution  of  carbon  monoxide,  the  blue  flame  of  which  marks  the  end 
of  the  treatment. 

CaCOa     -h     C     ==     CaO     -j-     2CO. 

When  the  black  ash  comes  to  be  lixiviated,  this  quicklime,  becoming  calcium 
dydroxide,  reacts  with  some  of  the  sodium  carbonate  to  form  sodium  hydroxide,  or 
caustic  soda. 

The  above  process  was  formerly  carried  out  in  an  ordinary  reverberatory  fur- 
nace, but  now  nearly  all  works  have  adopted  a  revolving  furnace,  as  shown  in  Fig. 
ni.  The  charge  is  introduced  into  a  cylinder  b  from  cars  above,  and,  after  fusion 
from  the  heat  of  the  furnace  a,  is  run  out  into  cars  beneath.  The  heat 
from  A  is  introduced  through  the  axle  into  the  cylinder,  and  the  excess  passes  out 
through  the  other  side,  to  be  used  as  presently  described.  These  revolving  fur- 
naces accomplish  by  mechanical  means  what  was  formerly  very  difficult  and  costly 
labor, — namely,  thorough  mixing  of  the  material,  during  heating.  The  cylinder  is  re- 
volved very  slowly  at  first  and  finall v  not  faster  than  one  revolution  in  three  minutes. 

These  revolving  furnaces  are  made  of  wrought  iron  and  lined  with  fire-brick. 

Crude  soda  or  black-ash  has  about  the  following  composition  : 

Per  cent. 

Sodium  carbonate 45 

Calcium  sulphide 30 

Calcium  oxide 10 

Calcium  carbonate 5 

Poieign  matter 10 

Considerable  quantities  of  this  crude  soda  are  used  without  further  purification 
in  the  manufacture  of  green  glassware,  in  soap-making,  and  in  bleaching. 

The  next  step  in  the  Leblanc  process  consists  in  lixiviating  the  black-ash,  evap- 
orating the  solution,  and  crystallizing.  The  black -ash  is  allowed  to  weather  for  a 
short  time,  by  which  it  becomes  more  porous  and  more  easily  broken  into  small 
pieces;  it  is  then  treated  with  water  in  such  a  manner  as  to  effect  solution  with 
the  least  possible  amount  of  liquid. 

The  solution  is  evaporated  in  the  pans  d,  d.  Fig.  1 1 1,  by  the  waste  heat  from  the 
furnace.  The  crystals  which  separate  are  raked  out  into  e,  e.  These  crystals  are 
sometimes  dissolved  in  water  and  recrystallized,  by  which  they  become  crystal 
soda,  or,  as  is  much  oftener  the  case,  tney  are  calcined  on  the  hearth  of  a  rever- 
beratory furnace,  and  become  raw  soda  or  soda  ash. 

The  mother  liquor  from  the  first  crystallization  of  the  soda  contains  considera- 
ble quantities  of  sodium  hydroxide;  it  also  contains  some  chloride,  sulphate, 
cyanide,  and  sulphide  as  impurities.  These  are  in  part  gotten  rid  of  by  allowing 
the  liquor  to  run  down  a  coke  tower  in  which  it  meets  a  current  of  air;  the  latter 
oxidizes  -the  sulphides  and  cyanides.  The  liquor  is  then  concentrated  until  it  has 
a  specific  gravity  of  i.io,  when  it  is  boiled  with  calcium  hydroxide,  which  removes 
carbonates  and  sulphates;  after  they  settle  out,  the  clear  liquor  is  drawn  off  into 
an  iron  vessel,  evaporated,  and  heated  to  redness,  when,  after  treatment  with  a 
little  soditmi  nitrate  to  remove  all  cyanides,  the  caustic  alkali  is  run  into  iron  drums 
and  sent  into  commerce. 

Modifications  of  the  Leblanc  Process. — While  many  suggestions  have  been  made 
regarding  improvements  of  the  Leblanc  process,  comparatively  few  have  come 
into  use,  Tnat  devised  by  Hargreaves  and  Robinson  involves  an  important 
change  in  the  preparation  of  salt-cake.  It  consists  in  acting  directly  on  sodium 
chloride  by  sulphurous  oxide,  oxygen  (atmospheric),  and  watery  vapor.  The 
reaction  is  as  follows: 

SO»       -f        O       -h       HgO       4-        2NaCl        --:      Na2S04       -       2HCI. 

Sulphur  Oxygen.  Water.  Sodium  Sodium  Hydrochloric 

Diosdde.  Chloride.  Sulphate.  Acid. 
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The  sulphur  dioxide  is  furnished  directly  from  iron  pyrites  by  roasting.  The 
result  is  a  purer  product  at  a  lower  cost,  but  the  increased  expense  of  inst^lation, 
greater  consumption  of  fuel,  and  increased  outlay  of  labor  have  been  impediments 
to  its  general  adoption. 

Most  of  the  other  changes  which  have  met  with  favor  have  related  to  utiliza- 
tion of  the  waste  materials.  These  have  mostly  been  in  the  direction  of  recovering 
the  sulphur.  This  waste  consists  chiefly  of  calcium  sulphide  and  carbonate,  with 
small  quantities  of  other  compounds. 

By  Chance's  process  90  per  cent,  of  the  sulphur  is  recovered,  and  used  as  such, 
or  converted  into  sulphur  dioxide,  to  be  usea  again  in  the  production  of  sodium 
carbonate.  The  process  consists  in  treating  the  alkali  waste  with  carbon  dioxide 
from  limekilns.    In  the  presence  of  moisture  the  following  reaction  takes  place: 


3CaS 

Calcium 
Sulphide. 


+         COa 


Carbon 
Dioxide. 


-h         HaO         =         CaCOs         -r 

Water.  Calcium 

Carbonate. 


Ca(SH)a. 

Calcium. 
Sulphydrate. 


With  a  further  addition  of  carbon  dioxide  calcium  carbonate  is  formed,  with 
evolution  of  hydrogen  sulphide,  as  follows:  ! 


Ca(SH)a 

Calcium 
Sulphydrate. 


+         COa 


Carbon 
Dioxide. 


HaO 

Water. 


CaCOs         -{- 


Calcium 
Carbonate. 


3HsS. 

Hydrogen 
Sulphide. 


This  hydrogen  sulphide  is  either  burnt  to  SOa  and  used  in  the  preparation  of 
sulphuric  acid,  or  the  quantity  of  air  with  which  it  is  heated  is  regulated  so  that  ^■ 
free  sulphur  is  formed  as  follows:  I 


HaS 


+ 


O 


HaO 


f    s. 


A  part  of  the  alkali  waste  is  utilized  in  the  production  of  sodium  thiosulphate. 
as  described  under  that  salt. 

(4)  Soda  by  Electrolysis, — ^When  anodes  and  cathodes  are  placed  in  a  solution  of 
sodium  chloride,  with  porous  diaphragms  between  them  in  such  a  way  as  to  form 
water-tight  compartments,  and  the  electric  current  is  passed,  chlorine  is  generated 
in  all  the  positive  compartments  and  sodium  in  all  the  negative  ones.  The  reaction 
is  as  follows: 

2NaCl         -         Naa  \  Cla. 


Sodium 
Chloride. 


Sodium. 


Chlorine. 


The  chlorine  is  utilized  for  the  production  of  bleaching  powder.  The  sodium 
reacts  with  the  water,  producing  sodium  hydroxide. 

Carbon  dioxide  from  lime-kilns  is  then  passed  into  the  solution  of  sodium  hy- 
droxide, and  sodium  carbonate  forms  as  follows: 


2NaOH 

-         COa 

NaaCOs 

4 

HaO 

Sodium 
Hydroxide. 

Carbon 
Dioxide. 

Sodium 
Carbonate. 

Water 

(5)  The  Ammonia-Soda  Process. — As  long  ago  as  1838  this  process  was  patented 
by  Dyer  and  Hemming,  but  was  first  conducted  on  a  commercial  scale  in  1855  by 
SchlOssing  and  Rolland  near  Paris.  The  numerous  practical  difficulties,  however, 
were  not  overcome  until  Solvay,  in  1861,  established  a  manufactory  near  Brussels. 
Since  that  time  it  has  slowly  encroached  on  the  Leblanc  process,  so  that  in  1900 
the  w^orld's  production  of  soda  ash  and  caustic  by  the  two  processes  amountea  to 
1,400  000  tons  by  the  ammonia-soda  process  and  400,000  by  the  Leblanc  method. 

Leblanc  soda  does  not  appear  to  be  produced  in  the  United  States,  except, 
perhaps,  the  relatively  small  amoimt  from  the  natural  sodium  sulphate  in  Wyom- 
ing, while  the  production  of  soda  ash  by  the  Solvay  process  amounted  in  1904  to 
518,954  tons,  valued  at  $8,204,545. 

The  ammonia-soda  process  consists  in  decomposing  a  saturated  solution  of 
sodium  chloride  with  acid  ammonium  carbonate  as  follows: 


NaCl 

Sodium 
Chloride. 


-h  NH4HCO3 

Acid 

Ammonium 

Carbonate. 


=         NaHCOa         -f 

Acid 

Sodium 

Carbonate. 


NH4CI. 

Ammonium 
Chloride. 
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In  practice  this  is  effected  by  running  the  salt  solution  down  through  a  column, 
which  meets  in  its  descent  the  ammonia  gas.  This  apparatus  in  which  the  brine 
is  saturated  is  either  iron,  tin  lined,  or  wood  lined,  with  lead.  The  ammonia  enters 
through  a  perforated  iron  plate,  by  which  it  is  broken  up  into  small  bubbles. 
Considerable  rise  of  temperature  takes  place  during  the  absorption,  and  the  satur- 
ated brine  is  passed  through  a  cooler  into  another  vessel,  in  which  it  is  saturated 
with  the  carbon  dioxide.    The  reaction  may  be  summed  up  as  follows: 


NaCl 

i-       NHs 

-f 

COa 

4- 

HaO       - 

--       NaHCOa 

+ 

NH4CI. 

Sodium 

Ammonia. 

Carbon 

Watei . 
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r 

Dioxide. 

Sodium 
Carbonate. 

Chloride. 

The  ammonia  is  produced  from  ammonium  chloride  and  calcium  or  magnesium 
oxide.  Originally  the  calcium  compound  was  emplo>red,  but  by  using  the  mag- 
nesium compound  magnesium  chloride  is  formed,  which  may  be  decomposed  by 
steam  with  the  production  of  hydrochloric  acid  and  magnesium  oxide.  The  pro- 
cess thus  becomes  a  continuous  one,  in  which  the  ammonia  and  magnesia  are  re* 
peatedly  used  over,  while  the  fresh  materials  rec[uired  are  common  salt  and  carbon 
dioxide;  the  latter  is  obtained  from  the  lime-kilns,  from  magnesite,  or  from  fuel. 

The  sodium  bicarbonate  produced  in  this  process  is  collected  on  a  vacuum  filter, 
washed  with  a  small  quantity  of  cold  water,  and  dried.  It  is  converted  into  normal 
carbonate  bv  heat: 


2NaHC03 


NaaCOs     +     COa 


H2O. 


The  carbon  dioxide  is  used  to  furnish  a  part  of  that  required  to  saturate  the 
ammoniacal  brine. 

(6.)  Soda  from  Cryolite. — The  mineral  cryolite  occurs  in  enormous  deposits  in 
Greenland.  The  product  of  these  mines  is  brought  to  Philadelphia  and  converted 
into  sodium  caroonate  and  bicarbonate  at  the  works  of  the  Pennsylvania  Salt 
Company  in  Western  Pennsylvania.  This  mineral  has  the  composition  AlaPa> 
6NaF,  and  is  therefore  a  double  fluoride  of  sodium  and  aluminum.  When  the 
finely  divided  mineral  is  mixed  with  chalk  or  limestone  and  heated,  the  following 
reaction  takes  place:  i         ^..^ 


y-  2(AlF3.3NaF)       -f-       aCaCOs      --=       AlaOs.aNaaO 


Cr>olite.     t^ 


Calcium 
Carbonate. 


Sodium 
Aluminate. 


6CaFa 
Calcium 
Fluoride. 


-f 


6C0a. 

Cartwn 

Dioxide 


The  fused  mass  is  treated  with  water,  whereby  the  soluble  sodium  altmiinate 
is  dissolved ;  carbon  dioxide  is  then  passed  through  this  solution  under  pressiu^, 
which  precipitates  the  aliuninum  hyoroxide  and  forms  sodium  carbonate: 


Na^AlaOe 

:           3COa          - 

3HaO 

3NaaC03 

1 

Ala(OH)a. 

/■ « 

Sodium 

Carbon 

Water. 

Sodium 
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/^ 

Alunninate. 

Dioxide. 

Carbonate. 

Hydroxide. 

The  clear  solution  is  run  off  from  the  precipitate,  and  the  sodium  carbonate 
allowed  to  crystallize.  The  annual  production  of  soda  salts  by  this  process  is 
stated  to  be  4,000  tons. 

Properties. — At  ordinary  temperature,  sodium  carbonate  crystallizes 
in  monoclinic  prisms  with  10  molecules  of  water,  from  a  saturated 
solution;  between  30°  and  50°,  it  crystallizes  in  rhombic  system  with  7 
molecules  of  water;  if  crystallization  takes  place  below  30°,  it  separates 
in  granular  crystals  with  one  molecule  of  water.  The  salt  is  odorless, 
and  has  an  alkaline  taste  and  reaction.  When  exposed  to  air  the  crys- 
tals become  white,  and  gradually  crumble  to  a  fine  white  powder,  losing 
about  one-half  of  their  water  of  crystallization,  amounting  to  31.46  per 
cent.  The  official  salt  (monohydrate)  is  a  white  crystalline,  granular 
powder,  odorless  and  with  a  strongly  alkaline  taste.  When  exposed  to 
the  air  under  ordinary  conditions  it  absorbs  only  a  slight  percentage  of 
moisture.     Exposed  to  warm,  dry  air  at  or  above  50°  C.  the  salt  efflor- 
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esces,  and  ajt  ioo°  C.  it  loses  its  water  of  crystallization  (14.52  p 
cent.  Soluble  in  2.9  parts  of  water  at  25°  C.  and  1.8  parts  of  boilii 
water.  The  salt  fuses  at  a  bright  red  heat,  or  about  814®.  Wh« 
sodium  and  potassium  carbonate  are  taken  in  the  proportion  of  the 
molecular  weights,  the  mixture  fuses  at  a  considerably  lower  temper 
ture  than  will  either  singly. 

Sodiimi  carbonate  is  perhaps  used  in  larger  quantity  and  in  a  great 
variety  of  ways  than  any  other  alkaline  salt.  In  addition  to  being  ei 
ployed  itself,  it  forms  the  base  from  which  many  other  sodium  salts  a 
prepared. 

Pure  sodium  carbonate  is  prepared  by  dissolving  the  commerci 
crystals  in  one-half  their  weight  of  water  at  30°  to  40°,  filtering  the  sol 
tion,  and  allowing  it  to  stand  in  a  cool  place.  The  small  crystals  whi 
separate  are  collected  in  a  funnel,  allowed  to  drain  well,  and  then  wash 
with  a  small  quantity  of  cold  water,  or  with  a  saturated  solution  of  pv 
sodium  carbonate.  It  may  also  be  obtained  by  washing  sodium  bic? 
bonate  with  cold  water,  drying,  and  heating  the  residue  to  redness. 

The  impurities  in  the  commercial  carbonate  are  sodium  chloride  ai 
sulphate,  with  perhaps  ammonium  salts. 

Dried  Sodium  Carbonate. — This  is  obtained  from  the  commerc 
crystals  by  allowing  them  to  effloresce  at  a  temperature  of  about  5 
until  they  disintegrate,  and  then  drying  at  100°  C.  until  constant  weig 
is  obtained. 

Sodium  Bicarbonate   (Acid  Sodium  Carbonate).     Sodii  Bicarbont 
U.S.P. — ^This  salt  was  first  prepared  by  Valentine   Rose  in    1801. 
occurs  in  many  mineral  waters,  especially  those  of  Ems  and  Vichy. 

.  Preparation. — Sodium  bicarbonate  was  originally  prepared  by  passing  cart 
dioxide  into  a  concentrated  solution  of  neutral  sodium  carbonate ;  the  bicarbona 
on  account  of  its  sparing  solubility,  separates  out : 

NanCOa     -     CO2     -      HaO  2NaHC03. 

Since  the  solution  absorbs  carbon  dioxide  slowly,  the  commercial  process  cc 
sists  in  making  an  intimate  mixture  of  4  parts  of  the  effloresced  carbonate  and  i  p. 
of  the  crystals.  This  mixture  is  distributed  on  broad  shelves  in  a  room,  and  c 
bon  dioxide  from  some  cheap  source  is  x>assed  in  until  the  salt  is  saturated.  La 
quantities  of  the  bicarbonate  are  now  produced  in  the  ammonia-soda  process 
making  the  neutral  carbonate,  and  this  furnishes  a  satisfactory  product  provic 
ammonium  salts  are  removed.  The  cryolite  process  for  the  neutral  carbon, 
also  furnishes  a  superior  bicarbonate ;  and  these  two  sources  now  practically  S' 
ply  the  American  markets,  since  importations  of  bicarbonate  have  almost  ceai 
entirely. 

Properties. — Sodium  bicarbonate  forms  in  small  monoclinic,  tabul 
crystals,  which  are  frequently  united  into  crusts.  As  found  in  the  shoj 
it  is  a  white,  opaque  powder,  permanent  in  the  air  under  ordinary  ci 
cumstances,  but  decomposing  slowly  in  moist  air.  It  has  a  mildly  alk 
line  taste,  and  the  cold  solution,  when  freshly  prepared,  gives  a  faint 
alkaline  reaction  to  litmus  paper. 

The  crystals  have  a  specific  gravity  of  2.22  at  16°.  The  salt  is  solul 
in  12  parts  of  water  at  1 5°,  and  at  a  higher  temperature,  in  the  preser 
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of  water,  it  loses  carbon  dioxide,  the  neutral  carbonate  beng  formed; 
at  the  boiling  temperature  it  is  entirely  converted  into  neutral  -salt. 
Soditmi  bicarbonate  is  insoluble  in  alcohol  and  ether. 

On  the  application  of  heat,  carbon  dioxide  and  water  are  given  off, 
with  the  formation  of  the  neutral  carbonate,  as  follows: 

2NaHC08      ^     NagCOs      i      HaO     ^     COa 

The  reaction  may  be  completed  at  70°,  although  it  takes  place  more 
rapidly  at  100®,  and  when  complete  there  is  a  loss  of  36.9  per  cent. 
/  Uses. — Soditmi  bicarbonate  enters  into  the  composition  of  most  bak- 
^  ing  powders ;  it  is  used  as  a  cheap  source  of  carbon  dioxide  in  the  pre- 
paration of  effervescent  drinks ;  and  it  has  considerable  use  in  the  textile 
industries,  especially  in  ungumming  silk  and  scouring  wool,  as  it  attacks 
the  fibre  less  than  soap  or  ammonia. 

AMMONIUM.  ^ 

Formtda,  NH4.  Molecular  Weight,  17.93.  Valence,  I. 

History. — ^The  salts  of  ammonium  were  known  to  the  ancients,  but 
ammonia  gas  was  first  collected  by  Priestley  in  1774,  although  it  was  pre- 
viously known  that  a  ptmgent  odor  was  developed  on  adding  an  alkali 
to  sal  ammoniac.  BerthoUet,  in  1785,  determined  it  to  be  composed  of 
nitrogen  and  hydrogen. 

Theoretical  Considerations. — ^The  present  theory  concerning  am- 
moniiun  salts  is  that  the  compound  NH^is  a  metal-like  body  which  com- 
bines with  the  acids  in  the  same  manner  that  sodium  and  potassiimi  do. 
This  view  has  been  strengthened  by  the  formation  of  an  amalgam 
composed  of  the  radical  NH^  and  mercury.  When  ammonium  chloride 
in  contact  with  mercury  is  subjected  to  the  electric  current,  a  bulky, 
buttery  mass  is  formed  which  is  considered  to  be  ammonium  amalgam. 
The  same  product  is  obtained  by  placing  sodium  amalgam  containing  i 
per  cent,  of  sodium  in  a  concentrated  solution  of  ammonium  chloride, 
adding  at  the  same  time  a  few  fragments  of  the  salt.  The  bulky  amal- 
gam which  is  formed  becomes  crystalline  at  a  very  low  temperature, 
and  at  — 29®  begins  to  decompose,  forming  2  volumes  of  ammonia  gas 
and  I  volume  of  hydrogen.  The  salts  of  ammonium  most  closely  resem- 
ble those  of  potassium,  with  which  they  are  isomorphous. 

Occurrence  and  Sources. — The  salts  of  ammonium  are  widely  dis- 
tributed in  nature.  The  carbonate,  nitrate,  and  nitrite  are  found  in 
small  quantities  in  the  atmosphere,  in  rain,  and  in  snow;  the  chloride 
is  found  in  many  volcanic  gases;  many  of  the  above,  as  well  as  other 
<^pounds  of  ammonium,  are  found  in  the  soil,  and  in  the  secretions  of 
plants  and  animals. 

One  of  the  chief  inorganic  sources  of  ammonium  salts  is  the  native 
carbonate  in  the  guano  deposits  of  South  America ;  the  salt  which  exists 
in  this  guano  is  the  acid  carbonate,  NH^HCOj. 
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The  sufToni  of  Tuscany  yield,  besides  boric  add,  a  considerable  quantity 
oi  ammonium  sulphate;  in  one  locality  four  suffoni  yield  some  ijoo 
kilos  of  ammonium  sulphate  in  24  hours.  This  salt  is  supposed  to  have 
resulted  from  the  decomposition  of  organic  matter  in  the  Tuscan  moun- 
tains, since  the  soil  in  the  vicinity  of  the  lagoons  is  impregated  with 
ammonium  sulphate. 

The  organic  sources  of  ammonium  salts  are  of  the  greatest  importance, 
and  yield  nearly  all  of  the  commercial  salts;  of  these  stale  urine  and  the 
product  from  the  distillation  of  bones  formerly  played  an  important 
part,  but  at  the  present  time  practically  the  entire  supply  comes  from 
gas-liquor,  from  the  condensed  gases  of  coke-ovens  and  iron-works,  and 
from  the  watery  distillate  of  shale-works.  These  various  ammoniacal 
liquors  are  treated  according  to  the  salt  required,  usually  the  chloride 

Ior  sulphate,  the  details  of  which  will  be  considered  under  the  respective 
salts. 
HALOGEN  SALTS  OF  AMMONIUM. 

Ammonium  Chhride,  NH^Cl  (Sal  Ammoniac).  Ammonii  Chloridum, 
U.S. P. — Sal  ammoniac  was  prepared  in  earlier  times  in  Eygpt  by  the 
sublimation  of  the  ashes  and  soot  resulting  from  the  burning  of  camel's 
dung,  which  was  there  used  as  fuel.  The  salt  may  be  prepared  by  the 
direct  union  of  equal  volumes  of  the  gases,  ammonia,  and  hydrochloric 
acid. 

At  the  present  time  the  ammoniacal  water  from  gas-works  or  similar 
sources  is  neutralized  with   hydrochloric  acid,  or  oftener  the  s 
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gas  is  liberated  from  these  liquors  by  lime  and  passed  into  the  hydr  ■^> 
chloric  acid.  The  salt  is  "first  partly  purified  by  crystallization,  and  tht^n 
it  is  sublimed.  This  operation  is  usually  conducted  in  cast-iron  vess^^'s 
(Fig.  112}  Hned  with  lire  clay,  the  dome  sometimes  being  of  earthenwa-^*^ 
or  glass.  The  crude  salt  is  rammt;d  in  tightly,  and  then  heat  is  applie*^' 
gently  at  first  in  order  to  drive  off  moisture ;   a  small  hole  is  left  in  ttne 
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top  of  this  dome  to  allow  the  escape  of  this  moisture.     When  the  cake 
of  sublimed  salt  in  the  dome  has  reached  a  sufficient  thickness, — from 
6  to  12  centimeters,  according  to  the  size  of  the  caldron, — the  dome  is 
raised    and  the  cake  removed.      When  prepared  in  iron  vessels  sal 
anmioniac  is  usually  contaminated  with  some  of  that  metal;   this  may 
be  prevented  by  adding  to  the  charge,  before  subliming,  about  5  per  cent, 
of  calcium  phosphate,  by  which  means  any  ferric  chloride  is  decomposed 
and  remains  behind  as  phosphate.     The  crystalline  and  granular  ammoni- 
um chloride  is  prepared  by  adding  to  the  powdered  salt  a  hot,  saturated 
solution  of  the  same,  so  as  to  form  a  magna  of  crystals,  which  are  placed 
in  moulds  similar  to  those  used  in  the  manufacture  of  loaf-sugar ;   after 
thorough  draining,  the  whole  is  dried,  and  the  loaf  of  the  salt  is  removed 
and  packed  for  shipment.     A  former  official  process  consisted  in  adding 
to  a  solution  of  the  salt  a  little  ammonium  hydroxide,  filtering,  eyapo- 
rating,  and  granulating;   this  process  was  for  the  purpose  of  removing 
iron. 

Properties. — Ammonium  chloride  comes  in  commerce  as  sublimed 
sal  ammoniac y  in  concavo-convex  cakes  of  fibrous  crystals  or  else  as 
crystallized  sal  ammoniac,  in  the  form  of  small,  white  octahedra  or 
cubes.  The  salt  is  odorless,  with  a  cooling,  saline  taste,  and  permanent 
in  the  air.  It  is  soluble  in  2  parts  of  water  at  25°,  and  in  i  part  of  boiling 
water,  and  in  50  parts  of  alcohol  at  25°.  On  the  application  of  a  low 
red  heat,  the  salt  is  completely  volatilized  without  residue.  Its  aqueous 
solution  is  neutral  to  litmus  paper. 

Ammonium  chloride  reacts  slightly  acid  towards  phenol phtalein,  and 
as  this  property  is  characteristic  of  the  other  ammonium  salts,  this  indi- 
cator cannot  be  used  in  their  presence. 

Uses. — Ammonium  chloride  is  used  extensively  as  a  medicinal  agent 
for  soldering,  in  calico  printing  and  dyeing,  and  in  the  manufacture  of 
a  number  of  pigments ;  considerable  quantities  are  also  used  as  a  reagent 
in  the  laboratorv. 

Ammonium  Bromide,  NH^Br.  Ammonii  Bromidum,  U.S. P. — This 
salt  is  prepared  by  neutralizing  hydrobromic  acid  with  ammonium 
hydroxide  or  carbonate  (see  page  174): 

XH4OH         4  HBr  NH4Br         -f  HaO. 

Ammonium  Hydrobromic  Ammonium  Water. 

Hydroxide.  Acid.  Bromide. 

It  is  also  made  by  decomposing  ferrous  bromide  with  ammonium 
hydroxide: 

■/ 

The  ferrous  hydroxide  is  bulky  and  not  completely  precipitated  until 
^lution  is  boiled,  by  which  it  is  converted  into  ferric  hydroxide,  FeCOH),. 

Properties. — Ammonium  bromide  occurs  in  colorless,  transparent, 
prismatic  crystals,  or  as  a  white,  crystalline  powder;  the  latter  is  made 
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up  of  minute  cubes.  It  is  odorless,  has  a  pungent,  saline  taste,  and  has 
a  slightly  acid  reaction  towards  litmus  paper.  When  exposed  to  the 
air,  the  salt  undergoes  slight  decomposition,  becoming  of  a  yellowish 
color.  It  is  soluble  in  i  .2  parts  of  water  at  25°,  and  in  0.7  part  of  boiling 
water,  in  12.5  parts  of  alcohol  at  25°,  and  in  9  parts  of  boiling  alcohol. 
When  heated,  the  salt  volatilizes  completely  without  melting. 

Uses. — The  chief  use  of  ammonium  bromide  is  in  medicine,  where  in 
many  cases  it  replaces  potassium  bromide  with  advantage. 

Ammonium  Iodide,  NHJ.  Ammonii  lodidum,  U.S. P. — The  simplest 
method  of  preparing  this  salt  is  by  neutralizing  hydriodic  acid  with 
ammonia  : 

NH4OH         i         HI  NH4I         i         HaO. 

V  Ammonium  Hydriodic  Ammonium  Water. 

)'  Hydroxide.  Acid.  Iodide. 

Hydriodic  acid  is  prepared  with  some  difficulty  and  expense,  so  that 
other  methods  have  been  tried  with  moderate  success;  in  one  of  these 
powdered  iodine  is  added  to  freshly  prepared  ammonium  sulphydrate, 
forming  ammonium  iodide,  hydrogen  sulphide,  and  sulphur  : 


'/ 


I2 

2NH4HS 

2NH4I 

dine. 

Ammonium 

Ammonium 

Sulphydratc. 

Iodide. 

H2S  r  S. 

Hydrogen  Sulphur. 

Sulphide. 


V 

2KI 

(NH)8S04 

2NH4I 

/ 

Potassium 

Ammonium 

Ammonium 

v 

Iodide. 

Sulphate. 

Iodide. 

\l 


It  has  been  found  impossible  to  remove  all  sulphur  from  the  iodide 
in  this  process. 

The  following  method  was  official  in  the  U.  S.  Pharmacopoeia  of  1870: 
Concentrated  hot  solutions  of  ^^  parts  potassium  iodide  and  13  parts 
ammonium  sulphate  are  mixed,  stirred  well,  mixed  with  alcohol,  and  thc2^ 
whole  cooled  to  40°:  v.\. 

-  K8S04.^        ' 

Potassium  \ 
Sulphate. 

The  mixture  is  then  thrown  into  a  funnel,  previously  stopped  wit-1^ 
cotton,  allowed  to  drain,  and  the  residual  potassium  sulphate  washes  <1 
with  a  mixture  of  2  volumes  of  water  and  i  volume  of  alcohol.  Tlr"*c 
filtrate  containing  the  ammonium  iodide  is  then  evaporated  carefully 
to  dryness,  stirring  in  order  to  granulate  the  salt. 

When  prepared  according  to  this  process  ammonium  iodide  alwa;^*''^ 
contains  small  quantities  of  ammonium  sulphate.  The  product  shou-  ^^ 
be  kept  in  small,  well-stopped  vials  protected  from  the  light. 

Properties. — Ammonium  iodide   occurs  in  minute,  colorless,  cubic^  ^^ 
crystals,  odorless,  and  having  a  sharp  saline  taste.     It  is  soluble  at  ^  5 
in  0.6  part  of  water  and  in  9  parts  of  alcohol,  in  0.43  part  of  boili^^^^ 
water  and  in  3.7   parts  of  boiling  alcohol.     When  heated,  it  evolV^ 
vapors  of  iodine  and  completely  volatilizes  without  melting.     Its  aqueo^^ 
solution  is  neutral  to  litmus  paper. 

Ammonium  iodide  deliquesces  when  exposed  to  the  air,  and  gradual/X 
decomposes  with  a  yellow  color,  due  to  the  liberation    of  free  iodine 
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compound  of  the  acid  ammonium  carbonate  with  ammoniimi  carbamate. 
Nonnal  ammonium  carbonate  (NH^)jC03,  is  obtained  when  the  ofRcial 
salt  is  dissolved  in  water. 

^.    NH4HC08.NH4NHaC0a       +       HaO       -       NH4HCO8       -f       (NH4)aC08. 

-        Official  Ammonium  Carbonate.  Water.  Acid  Ammonium  Normal  Ammonium 

Carbonate.  Carbonate. 

When  the  normal  carbonate  is  desired  in  quantity  and  in  a  solid  form, 
the  official  compound  is  digested  for  2  hours  at  a  temperature  of  12® 
with  strong  aqueous  ammonia;  the  resulting  white,  crystalline  powder 
is  dried  by  pressing  between  folds  of  absorbent  paper.  These  crystals 
are  readily  converted  into  the  acid  carbonate. 

The  official,  which  is  also  the  commercial  salt,  is  prepared  by  heating 
in  iron  retorts  ammonium  sulphate  and  calcium  carbonate,  or  chalk, 
with  sometimes  a  small  quantity  of  charcoal : 

2(NH4)2S04    ;     2CaC08 -- NH4HC08.NH4NHaC0a    ;    NHa  -r  HaO    :    2CaS04. 

Ammonium  Calcium  Official  Ammonium  Ammonia.    Water.  Calcium 

Sulphate.  Carbonate.  Carbonate.  Sulphate. 

After  the  condensation  of  the  ammonium  carbonate,  the  uncondensed 
vapors,  containing  water  and  ammonia,  are  led  into  sulphuric  acid  in 
order  to  i-ecover  the  ammonia. 

Crude  ammonium  carbonate  may  also  be  prepared  by  passing  ammonia 
liberated  from  gas-liquors  by  lime,  into  leaden  chambers  along  with 
carbon  dioxide  and  water. 

3NH8       +       aCOa       -f       HaO       =       NH4HC03.NH4NHaC0a. 
Ammonia.  Carbon  Dioxide.  Water.  Official  Ammonium  Carbonate. 

Properties. — The  official  ammonium  carbonate  occurs  in  **  white, 
hard,  translucent,  striated  masses,  having  a  strong  odor  of  ammonia, 
without  empyreuma,  and  a  sharp,  saline  taste.  On  exposure  to  the  air, 
the  salt  loses  both  ammonia  and  carbon  dioxide,  becoming  opaque,  and 
is  finally  converted  into  friable,  porous  lumps,  or  a  white  powder."  The 
salt  is  soluble  in  about  4  parts  of  water  at  25°;  it  is  decomposed  by  hot 
water,  with  the  elimination  of  carbonic  acid  and  ammonia,  resulting 
finally,  after  prolonged  boiling,  in  complete  dissipation  of  the  salt.  Al- 
cohol dissolves  the  carbamate,  leaving  the  acid  carbonate  behind.  On 
the  application  of  heat,  ammonium  carbonate  is  completely  dissipated 
without  darkening  or  charring.  The  aqueous  solution  reacts  alkaline 
to  Utmus,  and  effervesces  strongly  with  acids. 

Hydrogen  Ammonium  Carbonate,  NH4HCO8.  Ammonium  Bicarbonate. — 
Crystals  of  this  salt  have  been  found  in  Patagonian  guano  and  in  the  purifiers  of 
gas-works. 

When  the  commercial  carbonate  is  exposed  to  the  air  for  some  time  a  white 
powder  results,  consisting  of  the  bicarbonate,  NH4NH^0a  -f  HaO  =  NH4HCO8  -f- 
NHs;  it  may  also  be  prepared  by  passing  carbon  dioxide  into  an  aquequs  solution 
of  the  ordinary  carbonate.  It  is  usually  found  as  a  white,  mealy  powder,  but 
may  be  obtained  in  large  rhombic  crystals  by  allowing  them  to  form  slowly  from 
agueous  solution.  At  60^  it  is  slowly  aecomposed  into  ammonia,  water,  and  carbon 
dioxide.    The  salt  is  soluble  in  8  parts  of  water  at  15^;  it  is  insoluble  in  alcohol. 

23 


' . •.  . . . 


354  *  CHEMISTRY  OF  THE  METALS.  }j^/^ 


f/ 


LITHIUM.       »      / 

Symbol,  Li.  Atomic  Weight,  6.98.  Valence,  I. 

History. — In  181 7,  Arfvedson,  while  working  in  the  laboratory  of 
Berzelius,  found  a  peculiar  substance  in  the  mineral  peialite  from  the 
Swedish  iron-mines  at  Uto.  The  metal  was  first  insolated  by  Bunsen 
and  Matthiessen  in  1855. 

Occurrence. — While  lithium  is  not  found  in  large  quantities,  it  is  still 
widely  distributed  in  the  three  lingdoms.  In  the  mineral  kingdom  it  is 
found  in  petalite,  a  silicate  of  Aluminum,  sodium,  and  lithium,  to  the 
extent  of  2.7  to  3.7  per  cent.;  m  lepidolite,  a  lithia  mica,  1.3  to  5.7  per 
cent.;  and  in  spodumene,  a  silicate  of  aluminum,  soditmi,  and  lithiiun 
3.8  to  5.6  per  cent.  It  is  found  in  a  niunber  of  mineral  waters,  the  most 
notable  in  the  United  States  being  the  springs  at  Gettysburg.  In  the 
vegetable  kingdom,  lithium  has  been  detected  in  the  ash  of  the  vine,  of 
sea- weed,  and  of  tobacco.  The  animal  kingdom  contains  small  quantities 
of  this  metal,  as  shown  by  its  detection  in  the  ashes  of  blood  and  milk 
and  in  muscular  tissue. 

Preparation. — In  order  to  obtain  metallic  lithium,  the  chloride  is  first  formed. 
This  is  accomplished  bv  fusing  at  the  highest  temperature  of  a  wind  furnace  10 
parts  of  finely-powdered  lepidoTite,  10  parts  of  barium  carbonate,  5  parts  of  barium 
sulphate,  and  3  parts  of  potassium  sulphate.  The  heavy  barium  compotmds 
settle  to  the  bottom,  while  potassium  and  lithium  sulphate  remain  at  the  top  of 
the  fused  mass  and  are  extracted  by  water.  The  sulphates  are  converted  mto 
chlorides  by  the  addition  of  barium  chloride,  the  solution  evaporated  to  dryness, 
and  the  lithium  chloride  separated  from  the  potassium  salt  by  solution  in  a  mix- 
ture of  absolute  alcohol  and  ether. 

The  metal  is  obtained  by  fusing  the  chloride  in  a  small  porcelain  crucible,  and 
decomposing  by  an  electric  current  from  a  zinc-carbon  battery  of  from  four  to 
six  cells.  Tne  ix)sitive  pole  is  a  small  piece  of  gas  carbon,  while  the  negative  pole 
is  an  iron  wire  the  thickness  of  a  knittmg-needle.  In  a  few  minutes  the  metal  col- 
lects around  this  wire,  and  when  it  has  attained  the  size  of  a  pea,  and  before  it 
becomes  so  large  as  to  rise  to  the  surface,  it  is  lifted  out  by  a  spoon-shaped  iron 
spatula,  and  cooled  under  naptha. 

Properties. — Lithium  possesses  the  silver-white  lustre  of  sodium  and 
'/otassium,  but  does  not  tarnish  by  oxidation  so  easily  as  they  do.  It  is 
the  lighest  of  all  known  solids,  having  a  specific  gravity,  according  to 
Bunsen,  of  0.5891  to  0.5983.  It  floats  on  ordinary  petroleum,  and  can 
only  be  preserved  under  the  lighest  gasoline. 

When  heated  to  180°  lithium  melts,  and  at  a  higher  temperature 
ignites,  and  bums  with  a  brilliant  red  flame.  In  contact  with  water  it 
docs  not  oxidize  so  actively  as^sodium,  as  not  sufficient  heat  is  evolved 
to  melt  it.  Most  of  the  acids  act  on  it  slowly,  but  concentrated  nitric 
acid  attacks  it  with  explosive  violence. 

COMPOUNDS  OF  LITHIUM. 

Lithium  Chloride,  LiCl. — This  salt  is  usually  prepared  by  dissolving 
the  carbonate  in  hydrochloric  acid,  or  it  is  made  directly  from  petaHte 
as  described  under  the  metal.     When  the  aqueous  solution  is  evaporated 
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slowly  over  sulphuric  acid  at  ordinary  temperatures,  the  salt  is  obtained 
n  octohedra.  It  is  very  soluble  in  water,  being  one  of  the  most  deliques- 
:ent  salts  known.  It  is  soluble  in  alcohol  and  in  a  mixture  of  absolute 
ilcohol  and  ether.  Lithium  chloride  fuses  at  a  low  red  heat,  and  at  a 
higher  temperature  is  slowly  volatilized.  On  evaporating  its  aqueous 
solution  to  dryness,  the  salt  is  slightly  decomposed,  hydrochloric  acid 
being  given  off,  and  the  residue  becoming  alkaline. 

Lithium  Bromide,  LiBr.  Lithii  Bromiidumi,  U.S. P. — This  salt  is 
obtained  by  neutralizing  hydrobromic  acid  with  lithium  carbonate  (see 
page  174).  It  occurs  as  a  white,  granular,  crystalline  powder,  odorless, 
and  with  a  sharp,  slightly  bitter,  saline  taste,  and  a  neutral  reaction.  It 
is  soluble  in  0.6  part  of  water  at  25°,  and  in  0.3  part  of  boiling  water, 
ver\'  soluble  in  alcohol,  and  soluble  in  ether.  On  the  application  of 
heat,  lithium  bromide  melts  at  low  redness,  and  at  a  higher  temperature 
is  slowly  volatilized.    V  , ,  \  ^  /io*    7   '  ^'■'   "*  r  o,    -    '         ^ 

LUkium  Oxide,  Li20,  is  formed  when  the  metal  is  burned  in  air.  It  is  prepared 
by  heating  the  nitrate  to  redness  in  a  silver  basin.  It  forms  a  white,  crystalline 
mass,  which  dissolves  in  water  with  the  formation  of  the  hydroxide,  LiOH.  The 
latter  behaves  in  many  respects  like  sodium  hydroxide,  but  is  less  energetic. 

Normal  Lithium  Sulphate,  Li2S04.H20,  is  formed  in  the  decomposition  of  pieta- 
lite,  or  other  lithia  mineral,  as  described  under  the  metal,  or  dilute  sulphuric  acid 
is  neutralized  with  lithium  carbonate.  It  crystallizes  in  thin  monochnic  plates, 
and  is  easily  soluble  in  water  and  in  alcohol.   The  acid  salt,  LiHS04,  is  also  known. 

Double  rotassium  and  Lithium  Sulphate,  KLiS04,  is  obtained  by  dissolving  the 
molecular  weight  of  each  salt  in  water,  mixing,  and  allowing  to  crystallize,  when 
rhombic  crystals  of  the  double  salt  separate  out. 

Lithium  Phosphate,  Li3P04,  is  quite  insoluble  in  water,  which  gives  it  some  ana- 
lytic interest,  smce  lithium  salts  are  thereby  separated  from  the  other  alkaline 
metals. 

Normal  Lithium  Carbonate,  Li.JCO^.  Lithii  Carbonas,  U.S.P. — On 
account  of  its  sparing  solubility  in  water,  this  salt  differs  from  the  car- 
bonates of  sodium  and  potassium.  It  rather  forms  a  connecting  link 
between  this  group  of  metals  and  the  next,  consisting  of  calcitmi, 
strontium,  and  barium,  whose  carbonates  it  resembles. 

Lithium  carbonate  may  be  prepared  by  a  precipitation  of  a  soluble 
salt,  like  the  sulphate  or  chloride,  with  sodium  or  ammonium  carbonate, 
and  boiling.  It  is,  however,  prepared  from  its  source,  lepidolite,  by 
powdering  and  heating  the  mineral  and  then  digesting  with  sulphuric 
acid.  The  mass  with  the  acid  is  gently  heated,  and  the  cooled  product 
extracted  with  water.  The  aqueous  solution  is  boiled  with  milk  of  lime, 
by  which  iron  and  aluminum  are  removed;  the  filtrate  from  them  con- 
sists of  potassium,  sodium,  and  lithium  hydroxides,  with  a  small  quantity 
of  lime;  the  latter  is  removed  by  evaporating  to  dryness  and  dissolv- 
ing in  a  small  quantity  of  hot  water,  by  which  a  solution  is  o|^tained 
rantaining  the  hydroxides  of  the  alkalies;  from  this  the  lithium  carbonate 
is  precipitated  by  boiling  with  ammonium  carbonate. 

This  may  be  purified  by  suspending  i  part  of  the  carbonate  in  20  parts 
of  water  and  effecting  solution  by  saturating  with  carbon  dioxide,  which 
fonns  the  bicarbonate,  LiHCO,;  after  filtering,  the  solution  is  boiled, 
whereby  a  pure  salt  is  precipitated. 
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Properties. — Lithitim  carbonate  is  a  light,  white,  odorless  powder, 
with  an  alkaline  taste  and  reaction.  It  is  permanent  in  the  air;  soluble 
in  75  parts  of  water  at  25°  and  in  140  parts  of  boiling  water,  insoluble  in 
alcohol.  On  the  application  of  a  temperature  approaching  redness, 
lithitim  carbonate  melts,  and  gives  off  some  carbon  dioxide;  when  this 
melted  mass  cools,  it  forms  a  crystalline  mass  of  lithitmi  carbonate  and 
oxide.  The  carbonate  is  also  somewhat  decomposed  when  its  aqueous 
solution  is  boiled  for  a  long  time,  carbon  dioxide  escaping  and  lithium 
hydroxide  being  formed. 
.  Lithium  Bicarbonate ^  LiHCOg,  is  not  known  except  in  aqueous  solution. 

Uses. — The  salts  of  lithium  have  come  into  use  chiefly  because  of  the 
power  possessed  by  the  carbonate  of  dissolving  uric  acid.  The  bromide  is 
supposed  to  have  some  advantages  over  the  other  alkali  bromides,  be- 
cause of  the  relatively  smaller  proportion  of  the  base  present. 

RUBIDIUM. 

Symbol,  Rb.  Atomic  Weight,  84.8  Valence,  I. 

History. — ^Rubidium  was  discovered  in  1861  by  Bunsen  and  Kirchhoff,  by 
means  of  the  spectroscope. 

Occurrence. — It  is  found  in  nature,  usually  along  with  potassium,  in  many 
mineral  waters,  chiefly  those  of  Diirkheim,  in  Baden;  in  some  minerals,  as  lept- 
dolite  and  petalite;  ana  in  the  ashes  of  some  plants.  It  is  widely  distributed,  but 
only  in  small  quantity. 

Preparation. — Bunsen  recommended  the  saline  residue,  after  the  preparation 
of  lithium  from  Icpidolite,  as  a  source  for  rubidium  salts.  The  rubidium  precipi- 
tate with  platinum  is  more  insoluble  than  that  of  potassium ;  the  latter  is  separated 
therefore,  by  repeated  boiling  of  the  mixed  platinum  precipitates  with  smaH  quan- 
tities of  water.  The  rubidium  compound  is  reduced  by  hydrogen,  when  a  chloride 
is  obtained,  which  furnishes  a  startmg-point  for  the  other  salts.  This  metal  is  ob- 
tained by  the  same  process  used  in  preparing  potassium, — namely,  by  distillation 
of  the  charred  tartrate. 

Properties  — Rubidium  is  a  silver-white  metal,  w^hich  has  a  waxy  consistence 
as  low  as  — 10°.  Its  specific  gravity  is  1.52,  and  it  melts  at  38.5°.  Below  a  red 
heat  it  gives  off  a  bluish  vapor.  When  exposed  to  the  air  it  inflames  spontaneously, 
and  when  thrown  on  water  acts  energetically,  decomposing  the  latter,  burning 
with  a  violet  flame. 

SALTS   OF  RUBIDIUM. 

Many  of  these  salts  have  been  prepared,  and  found  to  closely  resemble  those  of 
potassium,  with  which  they  are  isomorphous. 

Their  behavior  in  the  colorless  flame  is  very  similar  to  that  of  potassium,  the 
flame  being  a  trifle  redder.  The  flame  spectrum  exhibits  two  characteristic  lines 
in  the  violet,  which  forms  the  most  certain  means  of  detecting  rubidium  salts. 
Bunsen  stated  that  he  could  detect  0.002  milligram  by  this  reaction. 

CESIUM. 

Syfnbol,  Cs.  Atomic  Wcif^ht,   13 1.9.  Valence,   I. 

History. — Ca?sium,  like  rubidium,  was  discovered  by  Bunsen  and  Kirchhoff  by 
means  of  the  spectroscope.    This  occurred  in  i860. 

Occurrence. — Caesium  is  widely  distributed  in  nature,  but  in  small  quantity, 
the  largest  quantity  being  in  the  mineral  pollax,  found  in  the  island  of  Elba;  it 
was  found  to  contain  32  per  cent,  of  caesium;  this  mineral  has  also  been  found  at 
Hebron,  Maine,  under  the  name  of  pollucite. 
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Caesium  is  also  found  in  many  mineral  springs,  but  not  in  the  ashes  of  plants, 
as  it  is  claimed  that,  in  the  absence  of  potassium  compounds,  caesium  acts  as  a 
poison  towards  plant  life. 

Preparation.— -Caesium  does  not  appear  to  be  so  easily  prepared  as  rubidium 
Electrolysis  of  its  cyanide  has  been  attended  with  some  success.  Fusion  of  the 
hydroxide  with  metallic  aluminum  has  been  attended  with  better  results. 

Properties.— Caesium  is  a  silver-white,  very  soft  metal,  melting  at  26.5°,  and 
having  a  specific  gravity  of  1.88.  It  inflames  on  exposure  to  the  air,  and  is  the 
most  electro-positive  metal  known. 

SALTS  OF  CESIUM. 

The  salts  of  this  metal  closely  resemble  those  of  rubidium  and  potassium.  They 
color  the  flame  still  more  redaish,  form  a  double  salt  with  platinum,  and  react 
similarly  with  other  reagents.  The  metal  was  discovered  by  its  characteristic 
spectrum,  which  consists  of  two  inten&e  blue  lines  and  one  less  intense  orange-red 
Ime.  Among  the  soluble  salts  of  caesium  are  the  hydroxide,  CsOH;  chloride,  CsCl; 
nitrate,  CsNOa;  sulphate,  CS8SO4;  acid  sulphate,  CSHSO4,  and  carbonate,  CO2CO8. 
Almost  insoluble  are  ccBsium  chlorplatinate,  COaPtCle;  the  double  ccDsium  and  lead 
chloride,  2CsCl.PbCU,  and  casiunt  aluminium  sulphate,  CsAl(S04)2  i2HaO,  one  of 
the  alums. 
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CHAPTER     II. 

THE    ALKALINE    EARTH    GROUP. 

The  alkaline  earth  metals  are  Calcium,  Strontium,  and  Barium; 
they  resemble  the  alkalies  in  part,  and  still  bear  some  resemblance  to  the 
earths  like  alumina.  The  hydroxides  of  this  group  resemble  those  of  the 
alkalies,  although  not  so  soluble  in  water,  but  the  carbonates,  sulphates, 
and  phosphates,  unlike  those  salts  of  the  alkalies,  are  insoluble  in  water. 

The  metals  of  the  alkaline  earths  possess  a  distinct  lustre  and  a  white 
or  golden-yellow  color.  They  do  not  change  so  rapidly  when  exposed 
to  the  air  as  the  metals  of  the  alkali  group.  The  oxides  of  these  metals 
are  white  in  color,  and  possess  many  properties  peculiar  to  the  earths. 
They  are  infusible  at  high  temperatures,  and  are  not  reduced  by 
hydrogen  or  carbon  under  these  circumstances.  The  metals  are  heavier 
than  water,  and  decompose  it  at  ordinary  temperatures,  but  not  so 
energetically  as  the  alkali  metals. 

CALCIUM,    r  .\_^  A  ■"'^' "' "' 


^'  Symbol,  Ca.  Atomic  Weight,  39.8.  Valence,  II. 

History. — The  use  of  lime  in  mortar  for  building  purposes  by  the 
ancients  indicates  that  this  substance  was  well  known  to  them.  A 
description  of  the  process  of  lime-burning  is  found  in  the  writings  of 
Dioscorides  and  of  Pliny.  Lime  and  many  of  its  compounds  were 
designated  earttis  by  the  ancients,  and  not  distinguished  from  many 
other  substances  possessing  this  generic  name.  Towards  the  middle  of 
the  eighteenth  century  it  was  found  that  different  kinds  of  earths  existed, 
and  lime  was  recognized  as  a  distinct  kind  of  earth. 

The  metal  was  first  obtained  by  Davy,  in  1808,  by  the  electrolysis  of  cal- 
cium chloride  in  the  presence  of  mercury ;  an  amalgam  of  calcium  and 
mercury  resulted,  which,  when  heated,  gave  off  mercury,  and  left  the 
calcium  as  a  powder.  In  1856,  Bunsen  and  Matthiessen  obtained  larger 
quantites  by  the  electrolysis  of  the  fused  chloride. 

Occurrence. — The  compounds  of  calcium  are  widely  distributed  in 
nature,  the  carbonate  being  the  most  abundant.  The  latter  is  found  as 
calc-spar,  arragonite,  chalk,  marble,  and  limestone,  in  a  comparatively 
pure  condition,  but  many  other  minerals  contain  the  carbonate  as  one  of 
the  constituents.  The  most  abundant  of  these  is  dolomite,  amagnesian 
hmestone,  which  frequently  forms  whole  mountain  ranges. 

Calcium  fluoride  or  fluor-spar,  CaF^„  is  found  in  considerable  quantities 
throughout  the  globe;  the  chloride,  CaCl^,  occurs  in  sea  water  and  in 
many  mineral  springs.  The  sulphate  is  found  in  the  anhydrous  condition 
as  anhydrite,  CaSO^,  or  in  the  hydrated  form  as  selenite  or  gypsum, 
CaS0^.2H.,0.  The  phosphate  is  found,  with  chloride  or  fluoride,  in 
358   ^ 
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apatite  and  osteolite.  Nearly  all  silicates  contain  a  considerable  pro- 
portion of  calcium.  Calcium  in  some  forms  is  a  constituent  of  all'  plants 
and  animals.  If  deprived  of  it  they  die,  since  they  will  admit  of  the 
replacement  of  it  by  other  elements,  like  magnesiimi,  to  a  limited  extent 
only. 

Calcium  has  also  been  detected  in  meteorites,  in  the  sun,  and  in  some 
fixed  stars.  "".    a  Cj 

Preparation. — The  metal  calcium  is  now  prepared  by  electrolysis  of  the  fused 
chloride  using  a  hollow  cylinder  of  Acheson  graphite  as  anode  ana  an  iron  cathode 
to  which  the  calcium  attaches  itself  gradually  as  a  rod  of  metal,  which  when  freed 
from  adhering  calcium  chloride  is  pcesejjyed  »nder  oil.  y  7,  .;  »  ^\\  i  U  -^  J^    ^  0/ 

Properties. — Calcium  is  a  yellowish-white  lustrous,  tough,  and  mal- 
leable metal.  It  is  about  as  hard  as  gold,  and  has  the  specific  gravity 
1.5446  at  29.2°C.  It  does  not  oxidize  readily  in  dry  air,  but  in  moist  air 
it  quickly  becomes  covered  with  the  hydroxide,  the  action  gradually 
extending  throuh  the  whole  mass.  Water  is  decomposed  by  calcitun 
at  ordinary  temperatures  with  violent  evolution  of  hydrogen;  the  heat 
developed,  however,  is  not  sufficient  to  inflame  the  latter.  On  the  appli- 
cation of  heat,  calcium  bums  in  the  air  with  a  very  brilliant  whitish 
flame.  Dilute  nitric  acid  dissolves  the  metal  with  such  energy  that  the 
latter  sometimes  inflames,  but  concentrated  nitric  acid  does  not  attack 
it  until  the  temperature  is  raised  to  the  boiling  point  of  the  acid. 


CALCIUM  AND  THE  HALOGENS. 

Calcium  Chloride,  CaClj.  Calcii  Chloridum,  U.S. P. — ^This  salt  was 
first  prepared  by  Isaac  HoUendus,  in  the  fourteenth  century,  who  desig- 
nated it  by  the  title  sal  amntoniacum  fixum,  because  he  prepared  it  by 
heating  a  mixture  of  sal  ammoniac  and  lime. 

It  is  found  in  sea  water  and  in  many  mineral  waters ;  it  also  occurs  as 
tachydrite  at  Stassfurt;  this  is  a  compound  with  magnesium  chloride, 
having  the  formiila  CaCL,2MgCL.i2H20. 

Preparation. — Crude  calcium  chloride  is  a  by-product  in  several  chemical 
operations;  for  example,  it  is  the  residue  in  the  preparation  of  ammonia  from  am- 
monium chloride;  it  is  obtained  in  the  preparation  of  potassium  chlorate,  in  the 
ammonia-soda  process  and  in  the  preparation  of  carbon  dioxide  from  limestone 
and  hydrochloric  acid.  For  many  uses  this  crude  product,  which  is  in  aqueous 
solution,  is  evaporated  to  dryness  in  an  iron  kettle,  and  then  heated  \mtil  it  melts. 
The  product  is  sent  into  commerce  for  dehydrating  purposes  as  fused  calcium 
chloride. 

The  commercial  products  (obtained  as  side-products  in  the  Solvay  ammonia 
soda  process)  are  a  solid  mass  testing  75  percent,  calcium  chloride,  a  solution  test- 
ing 40  per  cent,  calcium  chloride  and  crystallized,  powdered,  and  granulated 
chloride. 

Purified  calcium  chloride  is  made  by  nearly  saturating  hydrochloric  acid  with 
marble,  adding^  chlorine  water  to  oxiaize  the  iron  and  manganese  compounds, 
and  precipitating  these  by  the  addition  of  a  slight  excess  of  milk  of  lime  (calcium 
hydroxide).  The  clear,  filtered  solution,  which  is  slightly  alkaline,  is  carefully  neu- 
tralized with  hydrochloric  acid.  This  solution  is  then  evaporated  to  the  crystalliz- 
ing point  or  to  drjmess,  according  to  the  uses  to  which  it  is  to  be  applied. 
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Properties. — ^The  crystallized  salt  oazlirs  in  large,  hexagonal  prisms, 
having  the  composition  CaCl2.6H20.^0n  the  application  of  heat  it 
melts  at  29°.  These  crystals  rapidly  deliquesce  on  exposure  to  the  air, 
forming  a  thick,  oily  liquid,  formerly  known  as  oleum  calcis. 

When  the  crystals  dissolve  in  water  a  considerable  fall  in  temperature 
takes  place.  A  temperature  of  — 48®  is  obtained  by  mixing  i  J  parts  of 
the  crystals  with  i  part  of  snow.  When  heated  to  200®,  or  when  kept 
for  some  time  over  concentrated  sulphuric  acid,  the  crystals  lose  4  mole- 
cules of  water  of  crystallization,  a  white  powder  resulting,  which  pos- 
sesses energetic  dehydrating  properties.  Above  200®  the  remaining  2 
molecules  of  water  are  driven  off,  and  at  720°  the  salt  becomes  anhydrous. 

The  official  salt  is  directed  to  be  '*  calciimi  chloride,  rendered  anhydrous 
by  fusion  at  the  lowest  possible  temperature.**  It  is  described  as  occur- 
ing  in  *' white,  slightly  translucent,  hard  fragments,  odorless,  having  a 
sharp,  saline  taste,  and  very  deliquescent." 

The  anhydrous  salt  is  soluble  in  1.3  parts  of  water,  and  in  8  parts  of 
alcohol  at  25°,  in  1.5  parts  of  boiling  alcohol,  and  very  freely  soluble  in 
boiling  water;  it  is  insoluble  in  ether.  Since  the  aqueous  solution  is 
used  for  maintaining  a  temperature  above  that  of  boiling  water,  it  is 
useful  to  know  the  boiling  point  of  such  a  solution;  that  containing  50 
parts  of  the  anhydrous  salt  in  100  of  water  boils  at  112°,  that  containing 
200  per  cent,  of  the  salt  boils  at  158®,  and  that  containing  325  per  cent, 
boils  at  180°. 

The  pure  salt  dissolves  in  water  without  residue,  and  has  a  neutral 
reaction.  If,  however,  it  be  kept  at  or  above  the  fusing  point  for  some 
time,  a  slight  decomposition  takes  place,  so  that  it  leaves  a  residue  in- 
soluble in  water,  and  the  solution  Jias  a  faintly  alkaline  reaction. 

Uses. — Calcium  chloride  has  some  use  in  the  laboratory  as  a  reagent, 
but  its  chief  value  is  as  a  desiccating  agent,  in  the  drying  of  gases,  and  in 
the  concentration  of  liquids.  Its  solution  is  valuable,  as  above  stated, 
for  use  in  water-baths,  where  it  is  desired  to  maintain  a  constant  tem- 
perature above  that  of  boiling  water,  and  for  use  on  a  large  scale  in  refrig- 
erating plants  as  a  circulating  liquid. 

Calcium  Bromide,  CaBrg.  Calcii  Bromidum,  U.S.P. — Like  the  pre- 
ceding salt,  calcium  bromide  is  found  in  certain  mineral  waters. 

It  is  prepared  by  neutralizing  hydrobromic  acid  with  marble,  adding 
bromine  water  \  >  oxidize  iron  and  manganese  compounds,  and  precipi- 
tating these  by  \  \  e  addition  of  a  slight  excess  of  milk  of  lime.  The  solution 
is  filtered  and  the  filtrate  carefully  neutralized  with  hydrobromic  acid. 
The  resulting  solution  is  then  evaporated  to  dryness  and  carefully  heated 
to  680^,  whereby  an  anhydrous  salt  is  obtained.     (Compare  page  174.) 

The  Pharmacopoeia  directs  that  the  anhydrous  salt  be  employed.  In 
this  state  it  occurs  as  white,  granular,  very  deliquescent  salt,  without  odor, 
and  with  a  sharp,  saline  taste.  At  2  5^  it  is  soluble  in  0.5  part  of  water,  and 
in  I  part  of  alcohol;  at  the  boiling  point  these  liquids  dissolve  it  freely. 
At  680^  the  salt  melts,  above  that  temperature  it  is  slowly  decomposed 
with  loss  of  bromine.     The  aqueous  solution  is  neutral  to  litmus  paper. 
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Uses. — ^The  principal  use  of  this  salt  is  in  medicine.  It  is  supposed 
to  have  some  advantages  over  the  other  bromides. 

Calcium  Iodide,  Cala,  is  prepared  like  the  bromide,  which  it  resembles  in  many 
particulars.  Both  salts  are  so  extremely  deliquescent  that  considerable  care  is 
necessary  in  order  to  keep  them  in  the  solid  state. 

Calcium  Fluoride,  CaFg,  under  the  name  of  fluor-spar,  occurs  quite  abundantly 
in  nature.  It  is  fotmd  especially  in  the  limestone  caves  of  the  Castleton  Valley 
in  Derbyshire,  England;  considerable  quantities  are  also  fotmd  in  Saxony.  It 
occurs  in  cubes  and  octohedra,  and  in  some  other  forms  belonging  to  the  regular 
system. 

It  is  also  fotmd  in  the  ashes  of  some  plants,  in  bones,  in  the  enamel  of  the 
teeth,  and  in  sea  water  and  mineral  springs. 

In  the  pure  condition  calcium  fluoride  is  coloriess,  but  it  is  much  oftener  of  a 
violet,  blue,  red,  green,  or  brown  color,  and  at  times  shows  the  phenomena  of 
dichroism.  At  a  red  heat  calcium  fluoride  fuses  without  decomposition;  while 
hot  it  phosphoresces  in  the  dark. 

Fluor-spar  is  extensively  employed  in  many  metallurgical  operations,  and  the 
finer  masses  of  crystals  are  made  into  vases  and  other  ornaments. 

CALCIUM  AND  OXYGEN. 

Ccdcium  Monoxide,  CaO.  Calx,  U.S. P. — Lime  is  prepared  by  heat- 
ing calcium  carbonate.  If  a  pure  carbonate  is  used  a  correspondingly 
pure  product  results.  In  a  small  way  this  is  accomplished  by  heating 
calc-spar  or  a  pure  marble  in  a  crucible  with  a  hole  in  the  bottom  in  order 
that  the  furnace  gases  may  pass  through  and  carry  off  the  carbon  dioxide. 

—-^       CaCOs        =         CaO         -f         COa.  '   ^  ^    r-  v    -       ^ 

Calcium  Calcium  Carbon 

Carbonate.  Oxide.  Dioxide. 

On  a  commercial  scale  lime-kilns  are  used.  These  were  formerly  con- 
structed so  as  to  be  filled  with  limestone  and  fuel  in  alternate  layers. 
Fire  was  then  started  at  the  bottom,  and  the  temperature  regulated  by 
the  air-supply  below.  Such  a  furnace,  however,  could  only  be  emptied 
when  cool.  At  the  present  time  continuous  furnaces  are  much  more 
used.  Such  a  one  is  shown  in  Fig.  113.  It  is  built  on  the  slope  of  a  hill, 
so  as  to  bring  the  door  at  the  top  on  a  level  with  the  ground  to  facilitate 
the  introduction  of  the  limestone.  The  heat  is  supplied  by  two  fires, 
F,  F,  the  finished  product  is  removed  at  d,  Fig.  114.  Fig.  113  shows  a 
section  cut  parallel  with  the  side  of  the  hill,  while  Fig.  114  shows  a  section/ 
cut  at  right  angles  to  this,  by  which  the  draw-hole  d  is  shown.  Thej 
furnaces  are  used  in  the  well-known  lime  districts  of  Chester  Vall< 
near  Philadelphia.  At  the  ordinary  pressure  of  the  atmosphere/  a 
temperature  of  812®  is  required  for  the  dissociation  of  limestone,  but  in 
practice  a  temperature  of  925°  is  usually  employed.  If  the  lime^one 
contain  much  magnesia  it  is  liable  to  sinter  and  form  a  semi-fused  mass, 
so  that  in  burning  this  variety  a  lower  heat  must  be  maintained.  Coal 
is  the  chief  fuel  used  at  the  present  time,  although  formerly  much  wood 
was  employed.     . 

Properties. — ^Pure  lime  occurs  in  white,  amorphous  masses.  It 
often  contains  iron,  and  consequently  is  of  a  grayish  or  yellowish  shade 


36a 


CHEMISTRY  OF  THE  METALS. 


of  color.  When  exposed  to  the  air  it  gradually  absorbs  moisture  and 
carbon  dioxide,  and  crumbles  to  a  white  powder.  Lime  is  without  odor, 
but  has  a  sharp,  caustic  taste.  It  is  soluble  in  about  760  parts  of  water 
at  25°  C,  and  in  1600  parts  of  boiling  water;  insoluble  in  alcohol.  It  is 
not  affected  by  the  highest  degrees 
Tic.  iij.  of    heat,    but    the   oxyhydrogen 

flame  causes  it   to   emit    an  in- 
tense white  light. 

When  hme  is  treated  with  about 
one-third  its  weight  of  water, 
added  drop  by  drop,  it  gradually 
becomes  hot,  swells  to  about  twice 
its  bulk,  and  then  falls  to  a  white 
powder. 

The  solubility  and  some  of  the 
other  properties  of  lime  are  closely 
associated  or  identical  with  those 
of  calcium  hydroxide,  since,  in 
thr?  presence  of  water,  the  oxide  is 
first  converted  into  hydroxide. 

Calcium  Hydroxide.  CalOH),. 
Calcium  Hydnite.— When  lime  is 
treated  with  one-third  its  weight 
of  water,  as  stated  above  the  pro- 
duct It.  cakmm  h\droxide  Con- 
siderable hedt  IS  developed  in 
tlus  operation    w  here  the  propor- 


tions are  carefully  adjusted  a  temperature  of  150°  is   easily   attained. 
The  reaction  involved  in  the  formation  of  the  hydroxide  is  as  follows: 


The  resulting  product  is  a  fine,  white,  impalpable  powder.  Its  solution 
in  water  forms  Liquor  Calcls,  U.S.P.,  or  lime  water.  This  solution 
has  a  saline  and  somewhat  caustic  taste  and  an  alkaline  reaction.     On 
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boiling  it  becomes  turbid,  owing  to  the  lesser  solubility  of  the  hydroxide 
in  hot  than  in  cold  water.  When  the  clear  solution  is  exposed  to  the  air, 
a  pellicle  forms  on  the  surface,  due  to  the  formation  of  calcium  carbonate, 
resulting  from  the  absorption  of  carbon  dioxide  from  the  atmosphere. 
Calcivmi  hydroxide  may  be  obtained  by  adding  sodium  or  potassium 
hydroxide  to  a  concentrated  solution  of  calcitmi  chloride. 

Crystals  of  calcitmi  hydroxide,  in  the  form  of  tablets  or  small  prisms, 
may  be  obtained  by  evaporating  the  clear  solution  of  lime  water  in  a 
vacuum  over  .sulphuric  acid. 

Milk  of  lime  is  a  mixture  of  calcium  hydroxide  and  water.  It  may 
be  made  of  any  desired  strength  by  agitating  the  freshly  slaked  lime 
with  water. 

Uses. — Calciimi  oxide,  and  therefore  also  the  hydroxide,  is  largely 
used  as  a  laboratory  reagent.  The  oxide  finds  much  use  as  a  desiccat- 
ing agent  for  gases.  The  hydroxide  is  considerably  employed  in  medicine. 
The  hydroxide  is  largely  used  in  the  manufacture  of  mortar. 

Mortars  and  Cements. — ^When  freshly  slaked  lime  of  the  consistence  of 
paste  is  mixed  with  an  equal  volume  of  water,  and  then  3  to  4  times  as 
much  sand  is  added  as  there  was  lime  employed,  the  result  is  mortar. 

The  process  of  hardening  which  mortar  undergoes  is  called  *' setting." 
This  setting  is  sufficiently  complete  in  a  few  days  to  give  stability  to  a 
structure  in  which  it  is  employed,  but  the  hardening  process  continues 
for  years.  The  peculiar  action  of  mortar  appears  to  be  due  to  loss  of 
water  and  subsequent  absorption  of  carbon  dioxide,  rather  th^in  to  the 
formation  of  calcium  silicate.  The  value  of  a  mortar  depends  to  a  great 
degree  upon  the  thorough  mixing  of  the  ingredients  in  the  process  of 
manufacture.  The  nature  of  hydraulic  cements  will  be  explained  under 
**  Clays"  in  the  section  on  alumina. 

Calcium  Dioxide,  CaOg,  is  prepared  by  precipitating  lime  water  with  hydrogen 
dioxide.  This  precipitate  has  tne  composition  CaOa.SHaO;  it  is  crystalhne,  the 
crystals  being  in  quadratic  tables  or  prisms;  they  are  almost  insoluble  in  water 
and  insoluble  in  alcohol.  The  crystals  effloresce  when  exposed  to  the  air,  and  at 
130°  lose  all  their  water,  becoming  anhydrous;  at  higher  temperatures  they  give 
off  half  of  their  oxygen  without  undergoing  fusion. 

A  commercial  calcium  peroxide  is  now  produced  containing  60  to  70  per  cent, 
of  CaOa  and  capable  of  yielding  13  to  15  per  cent,  of  available  oxygen,  or  10  liters 
of  oxygen  gas  per  100  grams  of  material.  It  is  used  as  a  bleaching  agent  for  edible 
oils  and  as  a  food  preservative. 

OXYGEN   SALTS  OF  CALCIUM  AND  THE   HALOGENS. 

Calcium  Hypochlorite,  Ca(0Cl)2,  is  prepared  in  a  state  of  purity  with 
great  difficulty ;  a  commercial  preparation  in  which  it  enters  is  well  known, 
however,  as  Calx  Chlorinata,  U.S. P.,  or  chlorinated  lime,  chloride  of 
lime,  bleaching  powder,  bleach,  etc. 

Chlorinated  lime  was  first  prepared  on  a  commercial  scale  by  Tennant, 
of  Glasgow,  in  1 798.  By  some  it  is  considered  to  be  calcium  chloro- 
hypochlorite,  having  the  formula  Ca(OCl)Cl,  by  others  it  is 
thought  to  be  a  mixture  of  calcium  hypochlorite  with  calcium 
chloride,    having    the  •  formula    Ca(C10)2CaCljj.2H20,    and    containing 
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variable  quantities  of  calcium  hydroxide.     The  former  view,  first  pro- 
posed by  Odling,  seems  to  have  been  most  generally  adopted. 

Preparation. — This  important  substance  is  prepared  in  enormous  <juantities 
wherever  chlorine  is  proouced  on  a  large  scale.  The  chlorine  may  be  derived  from 
the  waste  hydrochloric  acid  of  the  Leblanc  process,  from  the  decomposition  of 
magnesium  chloride  by  steam  in  the  ammonia-soda  process  (see  pages  195  to  197) 
or  directly  from  the  electrolysis  of  chlorides.  The  lime  is  a  finely  powdered  and 
sifted  dry  calcium  hydroxide.  It  is  placed  in  chambers  of  stone,  or  iron  covered 
with  asphalt,  to  the  aepth  of  4  or  5  inches.  The  chambers  are  usually  60  feet  long, 
18  feet  wide,  and  7  feet  high.  They  are  filled  with  chlorine  and  allowed  to  remain 
closed  for  about  two  days,  when  the  gas  is  absorbed,  and  they  are  opened  and  the 
powder  is  turned.  Chlorine  is  again  run  in  and  allowed  to  remain  for  another 
period  of  two  days,  when  it  is  usually  found  that  the  lime  contains  from  36  to  37 
per  cent,  of  available  chlorine.  In  some  cases  a  series  of  shelves  are  arranged  in  a 
single  chamber,  and  the  contents  of  each  shelf  are  removed  as  saturation  is  com- 
pleted. In  other  forms  of  apparatus  the  manufacture  is  carried  on  more  expedi- 
tiously by  the  use  of  rotating  drums  in  which  the  calcium  hydroxide  is  propelled 
by  an  endless  screw  in  a  direction  opposite  to  that  of  the  current  of  chlorine  gas 
and  so  passes  from  drum  to  drum  until  it  comes  out  completely  converted  into 
bleaching  powder. 

The  reaction  involved  in  the  production  of  bleaching  powder  is  considered  to  be 

as  follows: 

Ca(OH)8         -f         Cla  -         CaOCla         +         HaO. 

Calcium  Chlorine.  Calcium  Water. 

Hydroxide.  Chloro-hypochlorite. 

Properties. — Chlorinated  lime  is  officially  described  as  "a  white,  or 
grayish-white,  granular  powder,  exhaling  the  odor  of  hypochlorous  acid, 
having  a  repulsive,  saline  taste,  and  becoming  moist  and  gradually 
decomposing  on  exposure  to  air.'* 

It  is  only  partly  dissolved  by  water  or  alcohol;  the  aqueous  solution 
first  colors  red  litmus  paper  blue,  and  then  bleaches  it.  It  is  decomposed 
by  weak  acids  with  evolution  of  chlorine,  and  at  elevated  temperatures 
dry  carbon  dioxide  will  decompose  it. 

The  Pharmacopoeia  requires  that  chlorinated  lime  shall  contain  not 
less  than  ^o  per  cent,  of  available  chlorine.  Much  of  it  comes  in  com- 
merce packed  in  sealed  paper  boxes,  coated  on  the  inside  with  a  water- 
proof material,  so  that  the  powder  maintains  its  original  strength  satis- 
factorily until  opened.     In  moist  air  it  rapidly  deteriorates  when  exposed. 

Calcium  hypochlorite  may  be  obtained  in  crystals  allowing  an  aqueous 
solution  of  chlorinated  lime  to  evaporate  in  a  vacutun  over  sulphuric 
acid;  these  have  the  composition  Ca(OCl)2.4H20,  and  very  readily  de- 
compose. The  fact  that  the  hypochlorite  is  present  in  aqueous  solution 
is  explained  by  the  supposition  that  calcitun  chloro-hypochlorite  is 
decomposed  by  water  as  follows  : 


2CaOCl8 

CaCla 

-h 

Ca(OCl)a. 

Calcium 

Calcium 

Calcium 

Chloro-hypochlorite. 

Chloride. 

HyixKhlorite 

The  chloro-hypochlorite  is  acted  on  by  acids  with  the  production  of 
chlorine  according  to  the  following : 


CaOCla         -1 

HaS04 

CaS04 

4 

HaO 

-h 

Cla. 

Calcium 

Sulphuric 

Calcium 

Water. 

Chlorine. 

Chloro-hypochlorite. 

Acid. 

Sulphate. 
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On  this  last  reaction  depends  the  value  of  chlorinated  lime  in  the 
bleaching  industry. 

The  process  of  bleaching  by  free  chlorine  is  one  of  oxidation  I 
it  combines  with  the  hydrogen  of  the  moisture  present  to  form  hydro- 
chloric acid,  while  the  liberated  oxygen  in  the  nascent  state  read- 
ily attacks  coloring  matters,  water  and  a  colorless  compound  re- 
sulting. 

Uses. — Chlorinated  lime  is  used  most  extensively  for  bleaching  pur- 
poses; it  is  very  largely  employed  as  a  disinfecting  agent,  and  is  un- 
doubtedly one  of  the  best  substances  for  this  purpose.  Where  chlorine 
is  desired  in  the  free  state  chlorinated  lime  fomis  one  of  the  most  con- 
venient and  economical  means  of  obtaining  it,  the  simple  addition  of  a 
dilute  acid  being  sufficient  to  produce  it  in  liberal  quantity,  according 
to  a  reaction  given  above. 

Calcium  Chlorate,  Ca(C103)a,  is  prepared  by  passing  chlonne  into  hot  milk  of 
lime,  or  solutions  of  calcium  silicofluoride  and  potassium  chlorate  are  mixed, 
when  potassium  silicofluoride  crystallizes  out,  leavmg  the  calcium  chlorate  in  solu- 
tion, and  the  latter  is  crystallized  from  the  very  concentrated  solution.  Calcium 
chlorate  is  a  very  deliquescent  salt,  and  is  crystallized  with  considerable  difficulty. 
The  crystals  contain  2  molecules  of  water  of  crystallization. 

Calcium  Bromate,  Ca(Br08)8.H20,  and  Calcium  lodate,  Ca(I08)8.6HaO,  are  also 
known. 

CALCIUM  AND  SULPHUR. 

Calcium  Monosidphide,  CaS. — In  1750  Marggraf  noticed  that  thit 
substance  had  the  property  of  remaining  luminous  in  the  dark  after  is 
had  been  exposed  to  bright  light.  It  is  obtained  by  heating  calcium 
sulphate  with  powdered  charcoal,  or  it  may  be  prepared  by  leading  the 
vapor    of   carbon    disulphide    and   carbon   dioxide   over    incandescent 

lime.  O^^S^A  ^  ^  '^-  ^^^  "^^'^ 

Calx   Sulphurata,    U.o.P.  (Sulphurated  Lime),  is  a  crude  calcium 

sulphide,  prepared  by  taking  70  parts  of  dried  calcium  sulphate,  10  parts 
of  charcoal,  and  2  parts  of  starch.  The  official  preparation  should  con- 
tain at  least  60  per  cent,  of  calcium  sulphide  and  contains  in  addition 
varying  amounts  of  calcium  sulphate  and  carbon. 

The  pure  calcitmi  sulphide  occurs  in  white  masses.  The  official  pro- 
duct is  described  as  **a  pale  gray  powder,  exhaling  a  faint  odor  of  hydro- 
gen sulphide,  having  a  nauseous,  alkaline  taste,  and  gradually  decom- 
posed by  exposure  to  air.  Very  slightly  soluble  in  cold  water,  more 
readily  in  boiling  water,  which  partially  decomposes  it;  insoluble  in 
alcohol.'* 

Sulphurated  lime  is  decomposed  by  dilute  acids  with  evolution  of 
hydrogen  sulphide,  even  acetic  acid  being  sufficiently  strong  to  effect 
this  change. 

It  has  the  property  of  being  phosphorescent  in  the  dark,  giving  out  a 
greenish,  bluish,  or  violet  Hght,  according  to  the  method  by  which  it  was 
prepared. 

It  has  some  use  in  medicine,  and  may  be  employed  to  furnish  arsenic- 
free  hydrogen  sulphide  when  treated  with  dilute  acids. 
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Calcium  Sulphydratey  Ca(SH)8.  is  prepared  by  saturating  milk  of  lime  with  hy- 
drogen sulphide: 

^V^l     Ca(OH)9         -f         2H2S        -^         Ca(SH)8         -f         2HaO. 

Calcium  Hydroxide.      Hydrogen  Sulphide.    Calcium  Sulphydrate.  Water. 

It  is  known  only  in  solution,  and  is  employed  as  a  depilatory. 

Calcium  Bisulphide,  CaSs.  is  obtained  in  yellow  crystals  when  milk  of  lime  is 
boiled  with  an  excess  of  sulphur,  and  the  filtered  solution  allowed  to  cool.  These 
crystals  contain  3  molecules  of  water  of  crystallization. 

OXYGEN  SALTS  OF  CALCIUM  AND  SULPHUR. 

Calcium  Sulphite,  CaSOa,  is  precipitated  when  solutions  of  calcium  chloride 
and  sodium  sulphite  are  mixed.  It  occurs  as  a  white  powder  soluble  in  800  parts 
of  cold  water.  This  salt  is  obtained  in  crystals  by  allowing  its  solution  in  sulphur- 
ous acid  to  stand  exposed  to  the  air;  they  have  the  composition  CaS08.2n80. 
A  solution  of  this  salt  in  excess  of  sulphurous  acid  is  found  in  commerce  under 
the  name  of  bisulphite  of  lime;  it  is  made  by  passing  sulphur  dioxide  into  milk  of 
lime.  It  has  extensive  use  as  a  preservative  agent,  especially  among  brewers. 
Calcium  sulphite  is  employed  as  a  preservative  by  cider-makers. 

Calcium  Sulphate,  CaSO^  +  2H2O.  Gypsum. — This  compound  was 
known  to  the  ancients  as  a  chalk-like  substance;  likewise  the  property 
which  the  dried  gypsum  possesses  of  hardening  when  moistened  with 
water.     Marggraf  determined  its  composition  in  1780. 

Calcium  sulphate  is  found  native  as  anhydrite  associated  with  lime- 
stone, or  crystallized  with  2  molecules  of  water  as  selenite.  Two  other 
varieties  of  this  compound  are  known  as  satin  spar  or  fibrous  gypsum, 
and  crystalline  gypsum  or  alabaster. 

This  salt  may  be  prepared  by  treating  calcium  carbonate,  marble,  or 
limestone  with  sulphuric  acid;  it  is,  however,  rarely  manufactured  in 
this  way,  because  of  its  abundance  in  nature,  and  because  it  is  a  by- 
product in  so  many  chemical  processes. 

Calcii  Sulphas  Exsiccatus,  U.S. P.,  is  prepared  by  carefully  dry- 
ing the  native  gypsum  until  it  loses  three-fourths  of  its  water;  it  then 
contains  about  95  per  cent,  by  weight  of  calcium  sulphate  and  5  per 
cent,  of  water.  The  native  compound  has  a  specific  gravity  of  2.31,  and 
it  may  be  deprived  of  its  water  at  a  temperature  of  iio°-i2o°.  When 
thus  dried  it  is  commercially  known  as  burnt  gypsum,  or  plaster  of  Paris. 
If  overheated — that  is,  above  200° — it  will  not  take  water  so  readilv, 
and  will  not  harden. 

Properties. — ^The  official  compound  is  described  as  "k  fine,  white 
powder,  without  odor  or  tastte.  From  moist  air  it  attracts  water,  be- 
comes granular,  and  then  loses  the  property  of  hardening  with  water. 
When  mixed  with  half  its  weight  of  water,  dried  calcium  sulphate  forms 
a  smooth,  cohesive  paste,  which  rapidly  hardens.  It  is  soluble  in  about 
378  parts  of  water  at  25°,  in  388  parts  at  ^S^,  and  in  451  parts  at  100°. 
In  alcohol  it  is  insoluble.  It  readily  dissolves  in  dilute  nitric  or  hydro- 
chloric acid,  also  in  saturated  solutions  of  potassium  nitrate,  sodium 
hyposulphite,  and  of  various  ammonium  salts.*'  When  calcium  sul- 
phate is  dissolved  in  hot  hydrochloric  or  nitric  acid  and  the  solution  is 
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allowed  to  cool,  it  separates  in  glittering,  silky,  acicular  crystals.  On 
heating  the  salt  with  sulphuric  acid  to  100°,  it  is  changed  to  a  porous 
mass,  of  which  a  part  dissolves  and  separates  out  again  on  cooling. 

Uses. — Gypsum  is  used  in  large  quantities  as  a  fertilizer;  it  has  some 
use  as  a  cement,  is  employed  somewhat  in  surgery,  and  is  the  material 
<;mployed  in  making  plaster  casts  and  certain  kinds  of  ornamental 
work.  The  artificially  prepared  salt,  made  by  precipitating  a  concen- 
trated solution  of  calcium  chloride  with  dilute  sulphuric  acid,  is  used  as 
a  filling  for  writing-paper  under  the  name  of  pearl  hardening  or  annaline. 

Calcium  Potassium  Sulphate,  CaS04KaS04.HsiO. — When  intimate  mixtures  of 
equal  weights  of  the  anhydrous  salts  are  stirred  into  less  than  their  weight  of 
water,  the  mass  hardens  almost  immediately;  by  varying  the  proportion  of  water, 
different  qtialities  of  the  solidified  compound  may  be  obtained.  This  mixture 
when  used  for  plaster  casts  yields  a  material  which  possesses  a  polished  surface. 

Calcium  Sodium  Sulphate,  CaS04Na8S04.  is  found  native  as  a  mineral  under 
the  name  of  glauberite.  The  artificially  prepared  compound  does  not  possess 
the  same  property  of  setting  that  the  calcium  and  potassium  compound  does. 

Calcium  Tniosulphate,  CaS803.6HaO,  is  made  by  warming  a  mixture  of  calcium 
sulphite,  sulphur,  and  water.  It  forms  oblique,  six-sided  prisms,  which  are  solu- 
ble in  their  own  weight  of  water.  The  solution  is  decomposed  at  a  temperature 
of  60°,  sulphur  separating. 

OXYGEN  SALTS  OF  CALCIUM  AND  NITROGEN. 

Calcium  Nitrate,  Csi{NO^)^y  occurs  as  an  efflorescence  on  walls  of  stables 
and  other  places  where  organic  matter  is  undergoing  decomposition.  It 
is  abundant  in  some  soils,  especially  that  of  nitre  plantations. 

Calcium  nitrate  is  prepared  by  dissolving  chalk  or  marble  in  nitric 
acid.  The  anhydrous  compound  is  formed  under  ordinary  circum- 
stances, but  when  the  aqueous  solution  is  allowed  to  evaporate  very 
slowly  over  sulphuric  acid,  crystals  are  formed  containing  4  molecules 
of  water  of  crystallization.  It  is  a  very  deliquescent  salt,  soluble  in  both 
water  and  alcohol.  It  is  sometimes  known  as  lime  saltpetre  or  wall  salt- 
petre. This  salt  was  formerly  used  in  the  preparation  of  ordinary  salt- 
petre, but  has  little  use  at  the  present  time. 

OXYGEN  SALTS  OF  CALCIUM  AND  PHOSPHORUS. 

Calcium  Phosphate,  03^(90^)^.  Calcii  Phosphas  Prsecipitatus, 
U.S. P. — ^The  salt  of  this  formula  is  also  known  as  normal  calcium  ortho- 
phosphate  and  bone  phosphate.  It  is  found  native  with  calcium  fluoride 
in  the  minerals  apatite  and  phosphorite.  The  minerals  osteolite  and 
sombrerite  are  impure  calcium  phosphates.  By  far  the  most  extensive 
occurrence  of  calcium  phosphate  is  in  what  is  known  as  the  phosphate 
rock  of  South  Carolina,  Florida,  and  other  parts  of  the  Southern  United 
States;  it  is  also  found  in  Canada.  This  rock  frequently  contains  as 
much  as  90  per  cent,  of  calcium  phosphate.  Bones  are  largely  composed 
of  calcitim  phosphate  ;  when  burned,  they  contain  from  80  to  85  per 
cent,  of  it. 
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Preparation* — Calcium  phosphate  is  prepared  by  adding  calcium  chloride 
and  ammonium  hydroxide  to  sodium  phosphate 

aCaCla      -h      2NH4OH      -f      2(NaaHP04.i2H80)      =      CaaCPOOa      + 

Calcium  Ammonium  Sodium  Calcium 

Chloride.  Hydroxide.  Phosphate.  Phosphate. 

2NH4CI      -f      4NaCl      -h      26HaO. 

Ammonium  Sodium  Water. 

Chloride.  Chloride. 

Properties. — Calcium  phosphate  precipitates  in  the  above  reaction 
as  a  white,  amorphous  powder;  it  is  odorless  and  tastelg^et^and  per- 
manent in  the  air.  It  is  almost  insoluble  in  cold  water;  decomposed 
by  boiling  water  into  an  insoluble  basic  salt,  and  a  soluble  acid  salt  which 
dissolves.  This  reaction  takes  place  very  slowly  in  the  presence  of  cold 
water,  so  that  an  exact  determination  of  the  solubiUty  of  calciimi  phos- 
phate is  impossible.  It  is  readily  soluble  in  solutions  of  ammonitmi 
salts,  sodium  nitrate,  sodium  chloride,  and  a  nimiber  of  other  salts; 
solution  of  carbonic  acid  also  has  some  solvent  action  upon  it.  At  an 
intense  white  heat  the  salt  fuses  without  decomposition. 

Uses. — Calcium  phosphate  has  some  use  in  medicine,  but  that  is 
insignificant  compared  with  the  extent  and  value  of  its  application  as  a 
fertilizer.  The  phosphate  industry  commenced  in  South  Carolina,  in 
1867,  with  the  shipment  of  6  tons;  there  were  shipped  in  1904  from  the 
three  states  of  Florida,  South  Carolina,  and  Tennessee  1,874,428  tons 
valued  at  $6,873,625. 

Dicalciiim  Ortho phosphate,  CaaH2(P04)2,  or  Hydrogen  Calcium  Orthophosphate^ 
CaHP04. — This  compound  is  precipitated  when  a  solution  of  sodium  phosphate 
is  added  to  one  of  calcium  chloride;  it  is  a  white,  crystalline  powder,  containing  2 
molecules  of  water  of  crystallization.  Urinary  concretions  and  deposits  are  made 
up  largely  of  this  phosphate. 

Tetrahydrogen  Calcium  Phosphate,  CaH4(P04)2.  is  prepared  by  dissolving  either 
of  the  preceding  phosphates  in  phosphoric  acid  and  allowing  the  solution  to  evap- 
orate spontaneously.  This  compound  is  also  known  sometimes  as  calcium  super- 
phosphate. What  is  commercially  known  as  superphosphate  of  lim^  is  a  mixture 
of  this  compound  and  calcium  sulphate,  and  is  prepared  by  treating  bones  or 
phosphate  rock  w^th  two-thirds  of  their  weight  of  sulphuric  acid.  The  product  is 
extensively  employed  as  a  fertilizer. 

Calcium  Hypophosphite,  Ca(H.^P02)2.  Calcii  Hypophosphis,  U.S.P.— 
This  salt  is  prepared  by  taking  i  part  of  finely-divided  phosphorus 
and  2  parts  of  calcium  oxide  which  has  been  slacked  with  i  part  of  water 
and  then  stirred  with  sufficient  water  to  make  a  thin  mixture. 

These  ingredients  are  mixed,  placed  in  a  well-ventilated  position,  and 
warmed  to  40°  until  combination  is  complete,  or  until  hydrogen  phosphide 
ceases  to  be  evolved:  / 

3Ca(OH)2       -\         2P4        -r        6H2O        --        3Ca(HaP02)8        -h         2PH8. 

Calcium  Phosphorus.  Water.  Calcium  Hydrofiien 

Hydroxide.  H>TX)phosphite.  Phosphide. 

When  the  reaction  is  ended  the  mixture  is  filtered  and  the  calcium 
hydroxide  removed  from  the  filtrate  by  carbon  dioxide.  It  is  again 
filtered,  and  the  clear  filtrate  evaporated  at  a  low  temperature  in  a 
vacuum  over  sulphuric  acid  until  crystallization  takes  place. 
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The  finely-divided  phosphorus  is  obtained  by  placing  i  part  of  phos- 
phorus in  a  flask  with  2  parts  of  powdered  glass  and  5  parts  of  water, 
applying  a  gentle  heat  until  the  phosphorus  is  melted,  and  then  agitat- 
ing until  cold.  By  this  means  the  phosphorus  is  obtained  in  small 
particles  which  more  readily  combine  with  the  calcium  hydroxide. 
Instead  of  crystallizing  the  salt  from  its  aqueous  solution,  it  may  be 
precipitated  by  the  addition  of  alcohol. 

Properties. — Calcium  hypophosphite  occurs  in  small,  water-free,  trans- 
parent, monoclinic  prisms.  It  is  also  found  in  lustrous  scales,  or  in  a  fine 
white  powder.  It  is  odorless,  has  a  nauseous,  bitter  taste,  and  is  per- 
manent in  the  air. 

The  salt  is  soluble  in  6.8  parts  of  water  at  15°  and  in  6  parts  of  boiling 
water;   it  is  insoluble  in  alcohol. 

On  the  application  of  heat  calcium  hypophosphite  decrepitates,  and 
above  300°  it  begins  to  decompose,  giving  off  water,  hydrogen,  and 
hydrogen  phosphide,  and  leaving  a  residue  of  calcium  pyrophosphate 
and  metaphosphate  with  some  red  phosphorus.  The  aqueous  solution 
is  neutral  to  litmus  paper. 

Uses. — Calcium  hypophosphite  has  a  considerable  use  in  medicine, 
and  at  the  same  time  furnishes  a  convenient  salt  from  which  to  prepare 
the  other  hypophosphites. 

CALCIUM  AND  SILICA. 

Calcium  Silicate,  CaSiOs- — The  compound  of  this  formula  occurs  native  as  the 
minerals  wollastonite ;  okenile,  gyrolite,  and  xonotlite  are  polymeric  compounds 
of  this.  Most  natural  silicates  contain  more  or  less  calcium  silicate.  This  com- 
pound may  also  be  obtained  by  adding  calcium  chloride  to  a  solution  of  sodium 
silicate,  when  it  forms  a  gelatinous  precipitate. 

Calcium  silicate  enters  into  the  composition  of  many  varieties  of  glass. 

CALCIUM  AND  CARBON. 

Calcium  Carbide,  CaC,. — This  is  an  artificial  compound  prepared  by 
melting  a  mixture  of  powdered  lime  and  coke-dust  in  an  electric  furnace. 
It  is  a  grayish-brown,  dense  substance,  having  a  crystalline  metallic 
fracture  of  blue  or  brown  appearance  and  a  specific  gravity  of  2.26.  It 
evolves  a  peculiar  odor  when  exposed  to  the  atmosphere,  due  to  the  action 
of  atmospheric  moisture.  This  odor  is  due  to  acetylene,  which  is  always 
produced  when  calcium  carbide  is  brought  into  contact  with  water  or  its 
vapor  at  ordinary  temperatures:  j 


/ 


CaCa 

-f 

2H2O 

"-          C2H2 

4- 

Ca(OH)2. 

Calcium 

Water. 

Acetylene. 

Calcium 

Carbide. 

Hydroxide. 

It  also  decomposes  with  snow  at  a  temperature  of  — 31°  C.  It  is  not 
acted  upon  by  the  vapor  of  water  at  high  temperatures. 

In  a  dry  atmosphere  it  is  odorless.  When  exposed  to  the  air  in  lumps 
it  becomes  coated  with  a  layer  of  calcium  hydroxide,  which  to  a  great 
extent  protects  the  rest  of  the  substance  from  further  deterioration  by 
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atmospheric  moisture.  Calcium  carbide  is  not  inflammable,  and  can  be 
exposed  to  the  temperature  of  the  ordinary  blast-furnace  without  melting. 

Calcium  carbide  is  used  as  a  source  of  acetylene  for  illuminating  pur- 
poses. One  pound  of  the  pure  material  yields  5.9  cubic  feet  of  that  gas 
at  18°  C. 

The  production  of  calcium  carbide  in  the  United  States  in  1904  amoimt- 
ed  to  31,642,000  pounds,  valued  at  $1,088,420. 

OXYGEN  SALTS  OF  CALCIUM  AND  CARBON. 

U 
Calcium  Carbonate,  CaCOg.   Calcii  Carbonas  Praecipitatus,  U.S. P. — 

In  the  form  of  chalk,  limestone,  and  marble  this  compound  occurs 
in  nature  so  abundantly  that  whole  mountain  ranges  are  formed  of  it. 
It  is  also  the  chief  constituent  of  egg  shells,  of  the  shells  of  mollusks, 
and  of  coral.  In  chalk  it  is  amorphous,  in  marble  it  is  in  crystalline 
masses,  while  in  calcite  and  arragonite  it  occurs  in  distinct  crystals. 
These  two  minerals  illustrate  its  dimorphous  character.  Calcite,  or 
calc-spar,  has  a  specific  gravity  of  2.70  to  2.75,  and  crystallizes  in  hexa- 
gonal prisms,  while  arragonite  has  a  specific  gravity  of  2.92  to  3.28,  and 
occurs  in  the  form  of  rhombic  prisms.  When  carbon  dioxide  in  small 
quantity  is  passed  into  cold  lime  water,  the  precipitate  is  at  first  amor- 
phous, but  soon  becomes  crystalline  in  the  form  of  calc-spar;  when,  how- 
ever, the  lime  water  is  hot,  crystals  of  the  arragonite  form  are  deposited. 

Preparation. — The  official  salt  is  prepared  by  adding  a  hot  solution  of  sodium 
carbonate  to  one  of  calcium  chloride: 

NaaCOs  CaClg         -         CaCOs         4  2NaCl.     ^' 

Sodium  Calcium  Calcium  Sodium 

Carbonate.  Chloride.  Carbonate.  Chloride. 

The  product  is  a  fine,  white  powder,  without  odor  or  taste,  and  permanent  in 
the  air.  It  is  almost  entirely  insoluble  in  water,  i  liter  dissolving  aoout  18  milli- 
grams. In  the  presence  of  ammonium  hydroxide  or  carbonate  it  is  less  soluble,  but 
with  the  other  ammonium  salts  its  solubility  is  increased.  Carbon  dioxide  also  in- 
creases its  solubility:  a  liter  of  water  saturated  with  this  gas  will  dissolve  70  milli- 
grams of  the  salt.  This  solubility  is  increased  under  pressure  up  to  3  grams  per 
liter,  but  not  beyond  this  point.  Such  a  solution  when  allowed  to  stand  at  ordi- 
nary temperatures  deposits  crystals  having  the  composition  CaCOs.  5H2O. 

Dilute  acetic,  hydrochloric,  or  nitric  acid  dissolves  calcium  carbonate  with  effer- 
vescence, leaving  no  residue. 

On  heating  calcium  carbonate  to  redness  with  access  of  air  it  parts  with  its  car- 
bon dioxide,  leaving  a  residue  of  calcium  oxide. 

Creta  Praeparata,  U.S. P.,  Prepared  Chalk,  is  an  amorphous  ca'cium 
carbonate  prepared  by  the  elutriation  of  chalk.  The  Pharmacopoeia  of 
1870  gave  a  process  for  its  preparation  as  follows  : 

"Take  of  Chalk,  a  convenient  quantity.  Add  a  little  water  to  the  Chalk  and  rub 
it  into  fine  powder.  Throw  this  into  a  large  vessel  nearly  full  of  water,  stir  briskly, 
and,  after  a  short  interval,  decant  the  supernatant  liquor,  while  yet  turbid,  into  an- 
other vessel.  Treat  the  coarser  particles  of  the  Chalk,  remaining  in  the  first  vessel, 
in  a  similar  manner,  and  add  the  turbid  liquid  to  that  previously  decanted.  Lastly, 
set  the  liquor  by,  that  the  powder  may  subside,  and,  having  pour^  off  the  water, 
dry  the  powder, " 
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Prepared  chalk  is  *'a  white,  amorphous  powder,  often  moulded  into 
conical  drops,  odorless  and  tasteless;  permanent  in  the  air.**  In  other 
characters  it  is  practically  identical  with  the  precipitated  compound. 

Uses. — Both  of  the  above  preparations  are  used  in  medicine;  the  pre- 
pared chalk  is  preferred  by  some  of  the  manufacturers  of  tooth  powders 
on  account  of  its  non-crystalline  character. 

Whiting  and  Paris  White  are  commercial  varieties  of  prepared  chalk, 
not  so  carefully  washed,  and  therefore  not  so  white.  They  are  used  for 
polishing  and  for  many  other  purposes  where  chalk  is  required  in  the  arts. 

STRONTIUM. 
Symbol,  St.  Atomic  Weight,  86.94.  Valence,  II. 

History. — The  mineral  in  which  strontium  was  first  detected  was 
known  as  strontianite  from  its  occurrence  near  the  village  of  Strontian 
in  Scotland;  and  the  metal  takes  its  name  from  that  source.  The  fact 
that  this  mineral  contained  a  peculiar  earth  was  first  pointed  out  by 
Crawford  in  1790.  This  was  confirmed  by  Hope  in  1792,  and  independ- 
ently by  Klaproth  a  year  later.  Davy  in  1 808  separated  the  metal  in 
a  pure  state  by  electrolysis. 

Occurrence. — Strontitim  is  found  in  nature  in  the  same  combinations 
which  characterize  barium  and  calcium, — namely,  as  carbonate,  SrCO,, 
or  strontianiter,"^and  as  sulphate,  SrSO^,  or  celestine.  '  Many  calcium 
minerals  also  contain  small  quantities  of  strontium.  Smaller  amounts 
are  found  in  sea  water,  in  mineral  waters,  and  in  certain  salt  springs. 
It  has  also  been  found  in  the  ashes  of  some  sea  plants,  as  Fucus  vesicidosiis. 

Preparation. — Strontium  is  readily  prepared  by  the  electrolysis  of  the  fused 
chloride,  or  by  repeatedly  heating  a  saturated  solution  of  the  fused  chloride  with  an 
amalgam  of  i  part  sodium  and  4  parts  mercury  to  90°.  There  results  an  amalgam 
of  strontium,  which  by  drying  between  folds  of  filter  paper  .and  heating  in  a  current 
of  hydrogen  yields  the  pure  metal. 

Properties. — Metallic  strontium  is  yellow,  ductile,  and  somewhat 
harder  than  calcium  and  lead.  It  has  a  specific  gravity  of  2.5.  At  a 
low  red  heat  it  melts,  and  if  while  hot  it  is  exposed  to  the  air  it  bums 
brilliantly.  When  placed  in  water  it  decomposes  it  with  some  violence. 
The  salts  of  strontium  have  great  similarity  to  those  of  barium.  They 
impart  a  red  color  to  flame,  and  were  formerly  reputed  to  be  poisonous, 
but  this  has  been  found  not  to  be  the  case. 

STRONTIUM  AND  THE  HALOGENS. 

Strontium  Chloride,  SrCl2.6H20. — ^The  readiest  method  of  preparing  this 
salt  is  by  saturating  hydrochloric  acid  with  the  native  carbonate  and  digest- 
ing the  solution  for  some  time  with  excess  of  carbonate,  by  which  metals 
like  aluminum,  iron,  and  manganese  are  removed.  The  hot  concentrated 
solution  deposits,  on  cooling,  acicular  crystals  of  the  hexagonal  system. 

These  crystals  have  a  sharp,  bitterish  taste,  and  deliquesce  on  exposure 
to  the  air.  They  are  soluble  in  1.8  parts  of  water  at  ordinary  tempeia- 
tures,  and  in  0.9  part  of  boiling  water;  soluble  in  alcohol. 
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On  the  application  of  heat  the  salt  loses  its  water  of  crystallization  at 
100°,  and  at  829°  it  melts.  The  anhydrotis  salt  is  said  to  be  insoluble 
in  absolute  alcohol. 

Strontium  Bromide,  SrBr^.bHjO.  Strontii  Bromidum,  U.S.P. — 
On  saturating  hydrobromic  acid  with  strontium  carbonate  the  bromide 
results,  as  follows:  f       '  '        ^  ^  U  t^v  -^  ^'  ''^ 

SrCOs     -i      aHBr     -      SrBra     -f     HaO     -f     CO2. 

If  the  native  carbonate  be  used  as  in  the  preparation  of  the  chloride, 
then  the  solution  should  be  digested  for  some  time  with  a  slight  excess 
of  the  carbonate,  in  order  to  remove  other  bases.  The  clear  solution  is 
concentrated  and  allowed  to  crystallize.     (Compare  with  page  1 74.) 

Properties. — Strontium  bromide  occurs  in  transparent,  colorless 
crystals,  odorless,  and  having  a  bitter,  saline  taste,  and  an  alkaline  reac- 
tion. It  is  a  very  deliquescent  salt;  dissolves  in  i  part  of  water  at  25**, 
and  in  0.4  part  of  boiling  water.  "  It  is  readily  soluble  in  alcohol,  and  is 
precipitated  from  this  solution  upon  the  addition  of  an  equal  volume  of 
ether,  in  which  it  is  insoluble.'* 

On  the  application  of  heat  the  crystals  melt  in  their  water  of  crystal- 
lization, and  then  lose  all  their  water,  amoimting  to  30.4  per  cent.  The 
anhydrous  salt  fuses  at  630°. 

Strontium  Iodide,  Srl2.6H20.  Strontii  lodidum,  U.S.P. — When 
hydriodic  acid  is  saturated  with  strontiiun  carbonate  the  iodide  results, 
as  follows : 

SrCOs     +     2  HI     -     Srl2     f     H2O     -f     COa. 

The  solution  is  filtered,  concentrated  to  a  small  bulk,  and  set  aside  to 
crystallize.  Strontium  iodide  may  also  be  prepared  by  saturating  a 
solution  of  strontium  hydroxide  with  iodine  in  the  same  manner  as  in 
the  preparation  of  potassium  iodide.  As  the  result  is  strontium  iodide 
and  iodate,  and  the  latter  has  to  be  converted  into  the  former  by  igni- 
tion, it  is  doubtful  if  this  process  is  any  more  economical  than  the  one 
first  given. 

Properties. — Strontium  iodide  is  officially  described  as  occurring  in 
**  colorless,  transparent,  hexagonal  plates,  odorless,  and  ha\'ing  a  bit- 
terish, saline  taste.  Deliquescent,  and  colored  yellow  by  exposure  to 
air  and  light,"  on  which  account  it  is  directed  to  be  kept  in  **dark  amber- 
colored,  glass-stoppered  vials."  The  salt  is  soluble  in  0.5  part  of  water 
at  25°,  and  in  0.27  part  of  boiling  water.  It  is  soluble  in  alcohol,  and 
slightly  in  ether. 

On  the  application  of  a  gentle  heat,  the  crystals  melt  in  their  water  of 
crystallization,  and  at  a  higher  temperature  lose  all  of  their  water- 
amounting  to  24.05  per  cent.  When  the  temperature  approaches 
redness,  the  salt  is  decomposed  with  loss  of  iodine,  strontium  oxide 
remaining.  The  aqueous  solution  is  neutral,  or  very  slightly  acid,  to 
litmus  paper. 
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STRONTIUM  AND, OXYGEN. 

SirarUium  Monoxide,  SrO. — This  compound  of  strontium  may  be  prepared  in 
small  quantity  bv  heating  the  nitrate,  but  on  a  large  scale  it  is  obtained  by  heating 
the  carbonate  in  large  kilns  similar  to  those  used  in  preparing  lime. 

Properties. — When  prepared  by  heating  the  nitrate,  this  compound  forms  in 
grajrish-white,  porous,  innisible  masses.  That  made  by  heating  tne  carbonate  is 
found  in  the  form  of  powder  or  pressed  into  bricks.  The  latter  form  is  that  in 
which  it  is  best  adapted  for  use  in  the  sugar  industry.  It  is  employ^ed  to  dissolve 
in  water,  forming  the  hydroxide  for  use  in  the  recovery  of  certain  varieties  of  sugar. 

Strontium  Dioxide,  SrOa,  is  formed  when  the  hydroxide  is  mixed  with  hydrogen 
dioxide.  It  occurs  in  pearly  scales,  having  the  formula  SrOa.SHaO.  When  these  crys- 
tals are  heated  they  lose  water,  leaving  the  dioxide  as  a  light,  white  powder,  in  an 
anhydrous  condition,  which  does  not  melt  at  a  red  heat,  but  gradually  loses  oxygen. 

Strontium  Hydroxide,  Sr(0H)2,  is  usually  obtained  by  dissolving  the  monoxide 
in  water,  but  it  may  be  prepared  in  small  quantity  by  precipitation  of  a  solution 
of  strontium  nitrate  with  soJiium  hydroxide.  This  hydroxide  is  moderately  solu- 
ble in  hot  water,  and  when  the  hot  solution  cools,  crystals  are  deposited  having 
the  formula  Sr(OH)2.8H20.  Strontium  hydroxide  is  extensively  used  in  the  ex- 
traction of  sugar  from  beet-root  molasses,  as  it  forms  an  insoluble  saccharate, 
readily  decomposable  by  carbon  dioxide. 

OXYGEN  SALTS   OF  STRONTIUM. 

Strontium  Sulphate,  SrS04,  occurs  in  nature  as  celestine,  in  transparent  rhombic 
prisms  or  in  fibrous  masses,  having  the  specific  gravity  of  3.89.  Celestine  usually 
nas  a  light-bluish  shade  of  color,  from  which  it  takes  its  name.  The  sulphate  may 
be  prepared  by  adding  sodium  sulphate  to  a  soluble  salt  of  strontium,  as  the  ni- 
trate. It  is  soluble  in  6895  parts  of  cold  water,  and  in  9638  parts  of  boiling  water. 
The  salt  is  quite  easily  aecomposed  by  boiling  it  with  solution  of  potassium  or 
sodium  carbonate.     It  fuses  when  strongly  heated. 

Strontium  Nitrate,  Sr^N08)2. — ^This  salt  is  prepared  by  dissolving  strontivun  car- 
bonate in  dilute  nitric  acid.  As  ordinarily  obtained  it  separates  in  aiAydrous  octahe- 
drons; these  are  permanent  in  the  air.  When  a  hot,  dilute  solution  of  strontium  ni- 
trate is  allowed  to  cool  slowly,  monoclinic  prisms  or  plates  separate  with  4  molecules 
of  water  of  crystallization;  these  crjrstals  readily  effloresce  on  exposure  to  the  air. 

The  anhydrous  salt  is  easily  soluble  in  water,  both  hot  and  cold,  but  scarcely 
soluble  in  alcohol. 

On  the  application  of  heat  the  salt  melts,  and  at  a  red  heat  is  decomposed,  a 
residue  of  strontium  oxide  remainin^^. 

The  principal  use  of  strontium  nitrate  is  in  pyrotechnics.  Nearly  all  red  fires 
contain  this  salt.  The  following  formula  will  furnish  a  good  red  fire:  Strontium 
nitrate,  50  parts;  potassium  chlorate,  25  parts;  pulverized  shellac  or  sugar,  25 
parts;  powder  separately,  and  carefully  mix  without  friction.  An  intimate  mix- 
ture is  oest  made  by  passing  the  powders  through  a  sieve. 

Strontium  Carbonate,  SrCOs,  occurs  native  as  strontianite  in  the  form  of  rhom- 
bic prisms.  It  is  prepared  by  precipitating  a  soluble  salt  of  strontium  with  sodium 
carbonate.  The  salt  is  soluble  in  18,045  parts  of  cold  water.  On  gentle  ignition 
it  is  decomposed,  yielding  a  residue  of  strontium  oxides  this  decomposition  takes 

f>lace  more  readily  than  in  the  case  of  either  the  barium  or  calcium  carbonate, 
t  may  be  decomposed  by  boiling  with  a  solution  of  ammonitun  chloride. 
The  chief  use  of  strontium  carbonate  is  for  the  purpose  of  readily  furnishing  the 
other  strontium  salts.     It  is  constantly  formed  and  again  converted  into  oxide 
in  the  recovery  of  sugar  from  certain  varieties  of  molasses. 

Such  salts  of  strontium  as  have  not  been  described  in  the  preceding  pages  may 
be  prepared  by  processes  similar  to  the  corresponding  barium  or  calcium  salts. 

BARIUM. 

/  Symbol,  Ba.  Atomic  Weight,  136.4.  Valence,  II. 

History. — The  metal  barium  was  first  prepared  by  Davy  in  1808, 
although  its  compounds  were  previously  well  known,  and  had  received 
the  name  of  baryta. 
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Occurrence. — ^Barium  sulphate  as  heavy  spar,  and  bariiun  carbonate 
as  witherite,  are  the  chief  natural  forms  of  this  metal.  More  rarely  it  is 
fotmd  in  barytocelestite  (BaSrCa)SO^,  barytocaldte,  (BaCa)C03,  and 
in  many  ores  of  manganese,  as  psilomelane,  (MnBa)O  +  MnOj.  A 
number  of  silicates  contain  small  quantities  of  barium,  and  it  is  found  in 
some  mineral  waters.  Baritmi  is,  further,  found  in  sea  water,  in  sea 
plants,  and  in  the  ash  of  certain  woods,  notably  that  of  the  beech. 

Preparation. — Davy  prepared  barium  by  electrolysis  of  the  chloride  in  the 
presence  of  mercury;  the  resulting  amalgam  was  heated  in  a  tube  containing  pe- 
troleum, whereby  tne  metallic  barium  was  left  behind  as  a  white  powder.  Bunsen 
succeeded  in  preparing  it  by  electrolyzing  a  thick  mixture  of  very  dilute  hydro- 
chloric acid  and  barium  chloride  at  a  temperature  of  loo®  in  the  presence  of  mer- 
cury. This  resulted  in  a  crystalline  barium  amalgam,  which,  on  heating,  left 
the  barium  as  a  tarnished,  porous  mass. 

Properties. -^Barium  is  a  yellowish-white  metal,  which  melts  at  a 
red  heat.  It  is  not  volatile  under  ordinary  circumstances.  When  ex- 
posed to  the  air  it  readily  oxidizes,  and  if  sufficiently  heated  takes  fire. 
Its  specific  weight  is  about  3.75.  When  thrown  on  water,  it  decomposes 
it  at  ordinary  temperatures,  like  sodium. 

BARIUM    AND    THE    HALOGENS. 

Barium  Chloride,  baCl2.2H20. — ^The  easiest  method  of  preparing  this 
salt  is  by  dissolving  native  barium  carbonate,  witherite,  in  dilute  hydro- 
chloric acid.  The  resulting  solution  contains,  in  addition  to  barium,  the 
chlorides  of  calcium,  iron,  manganese,  etc.;  these  are  removed  by  allow- 
ing the  solution  to  remain  for  some  time  in  contact  with  an  excess  of  the 
carbonate,  whereby  the  impurities  are  precipitated.  The  clear  filtered 
solution  is  then  neutralized  exactly  with  hydrochloric  acid,  and  evapo- 
rated to  crystallize. 

Commercially,  the  chloride  of  barium  is  prepared  by  fusing  finely- 
powdered  heavy  spar  with  charcoal  : 

BaS04     -\      4C     ■---     BaS     -\''    4CO. 
BaS    4        2HCI     -      BaCla     -j      HaS. 

Properties. — Barium  chloride  occurs  in  colorless,  glistening,  rhombic 
tables,  permanent  in  the  air,  having  a  disagreeable,  bitterish,  saline 
taste,  and  a  neutral  reaction.  Like  all  the  other  compounds  of  bariiun, 
this  salt  is  heavy,  having  a  specific  gravity  of  3.05.  It  is  soluble  in  2.5 
parts  of  water  at  15°,  and  in  about  1.5  parts  of  boiling  water.  It  is 
insoluble  in  concentrated  hydrochloric  acid  and  in  absolute  alcohol.  At 
ordinary  temperatures  over  sulphuric  acid  the  salt  loses  one  molecule 
of  water  of  crvstallization ;  at  120^  it  becomes  anhvdrous,  and  at  a  red 
heat  it  melts.  When  it  is  melted  with  free  access  of  air  it  loses  chlorine, 
or,  below  the  melting  point,  in  presence  of  steam,  it  gives  oflf  some  hydro- 
chloric acid,  the  res  due  reacting  alkaline. 

The  anhydrous  salt  on  exposure  to  the  air  takes  up  two  molecules  of 
water. 
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Barium  chloride  is  an  active  poison,  although  in  small  doses  it  has 
lad  some  use  in  medicines. 

Uses. — The  chief  uses  of  barium  chloride  are  as  a  reagent  for  the  detec- 
ion  and  estimation  of  sulphuric  acid,  and  as  a  preventive  against  boiler 
icrustation. 

Barium  Bromide,  BaBr2.2H20,  and  Barium  Iodide,  Bal2.2H20,  are 
nown  and  have  been  prepared,  but  appear  to  have  no  especial  value  or 
se. 

BARIUM  AND  OXYGEN. 

Barium  Monoxide,  BaO,  is  prepared  by  heating  the  nitrate  in  an  iron 
rucible  until  there  is  no  further  evolution  of  red  fumes.  It  may  also 
e  prepared  by  igniting  barium  carbonate  mixed  with  charcoal. 

This  compound  usually  occurs  as  a  grayish-white,  porous  mass,  which 
as  a  specific  gravity  of  5.72,  and  melts  at  a  white  heat. 

In  contact  with  water  it  slakes  with  considerable  evolution  of  heat, 
>rming  barium  hydroxide,  Ba(0H)2. 

Bariimi  monoxide  is  used  in  the  manufacture  of  oxygen  by  the  Brin 
recess. 

Barium  Dioxide,  BaO.^.  Barium  Peroxide. — ^This  compound  is  prepared 
•y  heating  the  monoxide  in  a  stream  of  dry  air  or  oxygen,  which  is  best 
ccomplished  at  a  temperature  of  about  450°. 

Properties. — ^Barium  dioxide  occurs  as  a  heavy,  grayish- white,-  or 
>ale  yellowish-white,  amorphous,  coarse  powder,  odorless  and  tastel^^ss. 
Vhen  exposed  to  the  air  it  slowly  attracts  moisture  and  carbon  dioxide, 
nd  is  gradually  decomposed.  It  is  almost  insoluble  in  cold  water, 
nth  which,  however,  it  forms  a  definite  hydroxide,  and  to  which  it 
mparts  a  decidedly  alkaline  reaction. 

When  heated  to  a  bright  redness  it  fuses,  and  loses  one  atom  of  oxygen, 
lydrochloric  and  the  other  mineral  acids  decompose  it  with  the  form- 
tion  in  the  cold  of  hydrogen  dioxide  and  a  barium  salt: 

BaOg     -f-     2HCI     --     BaCla     4      H2O2. 

Barium  Hydroxide,  Ba(OH)2. — ^When  barium  monoxide  is  treated 
nth  water,  the  hydroxide  is  formed  according  to  the  following  reaction: 

BaO      i      H2O  Ba(OH)a. 

f  just  enough  water  is  added  to  form  the  compound,  the  result  is  a 
/hite  powder,  which  at  a  low  red  heat  melts  to  an  oily  liquid,  which 
olidifies  on  cooling  to  a  crystalline  mass.  In  this  condition  it  has  a 
pecific  gravity  of  4.495,  ^.nd  when  dissolved  in  water  forms  crystals 
laving  the  formula  Ba(OH)2.8Hj,0.  These  crystals  on  exposure  to  the 
ir,  fall  to  a  white  powder  with  a  loss  of  seven  molecules  of  water.  On 
:  commercial  scale,  barium  hydroxide  is  prepared  by  heating  the  car-. 
»onate  in  a  current  of  steam : 

BaCOs      -     HaO     =     Ba(OH)a     -f-     COa. 
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or,  it  is  made  in  the  electric  furnace,  direct  from  barytes  according  to 
the  reactions: 

4BaS04     -h     4C     -=     3BaS04     -f     BaS     -f     4CO. 
3BaS04     -h     BaS     -----     4BaO     -f     4SOa. 

The  second  of  these  reactions  reqtiires  the  high  heat  of  the  electric  fur- 
nace. The  product  is  dissolved  in  water  and  barium  hydroxide  crystal- 
lizes out. 

It  is  soluble  in  20  parts  of  water  at  ordinary  temperatures,  and  in  3 
parts  of  boiling  water,  forming  a  strongly  alkaline  solution,  which  is 
extensively  used  as  a  reagent  under  the  name  of  baryta  water. 

OXYGEN   SALTS   OF   BARIUM   AND   THE   HALOGENS. 

Barium  Chlorate,  Ba(C10s)2>  is  prepared  by  saturating  aqueoiis  chloric  acid 
with  barium  carbonate.  It  crystallizes  in  monoclinic  prisms,  and  is  easily  soluble 
in  water. 

Barium  lodate,  Ba(I08)s.  is  obtained  bv  double  decomposition  between  potassium 
iodate  and  barium  chloride;  barium  iodate  sep>arates  out,  since  it  requires  about 
3000  parts  of  water  to  dissolve  it;  it  is  soluble  in  600  parts  of  boiling  water.  Its 
chief  use  is  for  the  preparation  of  iodic  acid. 

BARIUM   AND   SULPHUR. 

Barium  Monosulphide,  BaS,  is  formed  when  hydrogen  sulphide  is  passed  over 
heated  baryta,  as  long  as  water  is  formed.  For  the  production  of  larger  quanti- 
ties, an  intimate  mixture  of  100  parts  barium  sulphate,  25  parts  of  coal,  and  20 
parts  of  common  salt  is  made  into  a  plastic  mass  with  water,  dried,  and  heated  for 
several  hours  to  whiteness. 

Properties. — Barium  monosulphide  is  a  reddish-white  or,  from  the  presence  of 
coal,  a  grayish-white  mass,  which  in  the  presence  of  water  is  decomposed  into 
barium  hydroxide  and  barium  sulphydrate,  which  are  dissolved.  When  a  mix- 
ture of  5  parts  of  the  barium  monosulphide  and  i  part  of  sulphur  is  boiled  with 
water  and  allowed  to  evaporate  in  a  vacuum,  colorless  crystals  separate,  having 
the  formula  BaS.aHgO. 

Barium  Sulphydrate ,  Ba(SH)a,  is  prepared  by  passing  hydrogen  sulphide  into  a 
solution  of  barium  hydroxide  until  saturated ;  by  evaporating  in  a  vacuum  it  crys- 
tallizes in  white,  four-sided  prisms. 

OXYGEN  SALTS  OF  BARIUM. 

Barium  Sulphate,  BaSO^,  Heavy  Spar. — ^This  is  the  most  abundant 
native  compound  of  barium,  and  on  that  account  it  furnishes  the  start- 
ing-point in  the  preparation  of  the  other  barium  compounds.  It  is 
often  found  in  irregular  masses,  but  also  comes  in  well-formed  rhombic 
prisms  or  tables. 

The  production  of  barytes  in  the  United  States  in  1904  was  65,727 
short  tons,  valued  at  $174,958. 

Barium  sulphate  is  prepared  by  precipitating  any  soluble  bariimi 
salt  with  dilute  sulphuric  acid.  That  made  in  this  manner  is  extensively 
used  as  a  pigment  in  water-colors  under  the  name  of  blanc  "fixi  or  per- 
manent  white. 

Properties. — ^The  precipitate  is  a  heavy,  fine,  white  powder.  It 
has  a  specific  gravity  of  4.53,  while  that  of  the  native  mineral,  according 
to  H.  Rose,  is  4.486.  It  is  almost  absolutely  insoluble  in  water,  since 
I  part  requires  400,000  parts  of  water  to  dissolve  it.      In  the  freshly 
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precipitated  state  it  is  soluble  in  concentrated  sulphuric  acid,  but  it  is 
thrown  down  on  dilution  with  water. 

Barium  sulphate  is  decomposed  by  fusing  with  three  to  four  times  its 
weight  of  sodium  carbonate,  by  which  baritim  carbonate  and  sodium 
sulphate  result;   the  latter  can  be  removed  by  solution  in  water. 

In  order  to  precipitate  barium  sulphate  in  an  impalpable  powder,  the 
solution  of  bariimi  chloride,  having  a  specific  gravity  of  1.19,  is  treated 
in  the  cold  with  dilute  sulphuric  acid  having  a  specific  gravity  of  1.245; 
the  resulting  precipitate  is  collected,  washed  with  cold  water,  and  sent 
into  commerce  in  the  moist  state.  This  compound  is  not  only  used  as 
an  unalterable  paint,  but  also  for  giving  weight  to  cards  and  paper. 
The  finely -powdered  mineral  is  employed  to  mix  with  lead  carbonate 
in  the  manufacture  of  the  cheaper  paints,  but,  on  account  of  its  crys- 
talline character,  it  has  not  the  covering  power  of  the  pure  lead  com- 
pound or  of  the  precipitated  barium  sulphate. 

Barium  Disulfhate,  BaSflO?,  is  prepared  by  adding  finely-powdered  banum 
sulphate  to  fuming  sulphuric  acid  until  it  forms  a  syrupy  solution.  On  heating 
this  to  1 50°  the  disulphate  deposits  in  glistening  crystals. 

Barium  Nitrate,  Ba(N03)2. — Nitric  acid  is  saturated  with  barium 
carbonate  or  sulphide  in  order  to  obtain  this  salt.  As  thus  prepared 
it  forms  permanent,  colorless,  anhydrous,  octohedral  crystals.  It  is 
soluble  in  1 2  parts  of  water  at  ordinary  temperatures,  and  in  3  parts  of 
boiling  water;   insoluble  in  alcohol. 

Barium  nitrate  is  used  as  a  reagent,  but  the  greatest  consumption  of 
it  is  to  furnish  the  green  to  colored  fires.  The  following  formtda  will 
produce  a  satisfactory  color:  Potassium  chlorate,  50  parts;  barium 
nitrate,  25  parts;  sugar  or  shellac,  25  parts.  Each  ingredient  to  be 
pulverized  separately,  and  then  all  carefully  mixed  and  run  through  a 
sieve.  Sulphur  is  a  frequent  constituent  of  colored  fires,  and  may  be  used 
in  place  of  the  sugar  or  shellac,  but  it  renders  the  fires  more  liable  to 
inflame  spontaneously. 

Barium  Carbonate,  BaCOj. — ^This  compound  occurs  native  as  witherite, 
or  it  may  be  prepared  by  adding  sodium  carbonate  to  a  soluble  salt  of 
barium.  The  native  salt  occurs  in  glistening,  rhombic  crystals,  but  the 
precipitated  compound  is  a  white  powder.  It  is  soluble  in  14,000  parts 
of  cold  water,  and  in  15,400  parts  at  100°. 

When  heated  to  redness  baritmi  carbonate  loses  no  carbon  dioxide, 
but  in  the  flame  of  the  oxyhydrogen  lamp  melts  and  gives  off  this  gas 
slowly.  The  decomposition  takes  place  more  readily  and  at  a  lower 
temperature  in  the  presence  of  carbon,  or  when  steam  is  passed  over  it. 


CHAPTER    III. 

THE  MAGNESIUM    GROUP. 

MAGNESIUM. 

Symbol,  Mg.  Atomic  Weight,  24.18.  Valence,  II. 

History. — ^Attention  was  first  directed  to  the  magnesium  salts  about 
the  close  of  the  seventeenth  century  by  Grew,  a  physician  of  London. 
He  found  a  peculiar  salt  in  the  mineral  spring  at  Epsom,  which  salt 
soon  became  celebrated  for  its  medicinal  virtues.  The  metal  was  first 
isolated  by  Davy,  in  1808,  although  he  did  not  obtain  it  in  a  pure  con- 
dition. Bussy  was  the  first  to  obtain  a  distinct  quantity  of  the  metal, 
which  he  accomplished  by  acting  on  the  fused  chloride  with  potassitun. 
Bunsen,  in  1852,  prepared  it  by  electrolysis  of  the  chloride,  and  Sainte- 
Claire-Deville  and  Caron,  in  1857,  devised  a  process  for  its  production 
on  a  commercial  scale.  The  compounds  of  magnesium  and  manganese 
were  not  distinguished  from  each  other  for  a  long  time,  and  much  con- 
fusion regarding  them  was  the  result.  The  distinction  was  first  clearly 
pointed  out  by  Black,  in  1755.  Later,  magnesium  came  to  be  known  as 
the  metal  existing  in  magnesia  alba,  and  manganese  as  that  in  pyrolu- 
site  (manganese  dioxide),  then  called  magnesia  nigra. 

Occurrence. — The  metal  is  not  found  in  the  uncombined  state  in 
nature.  Its  compounds,  however,  are  almost  as  widely  distributed  as 
those  of  calcium,  although  not  in  such  large  quantities.  The  principal 
minerals  containing  it  are  magnesite,  MgCOj;  dolomite,  {}A.gQ3)Q0^\ 
kieseriie,  MgSO^.H^O;  carnallite,  a  chloride  of  magnesium  and  potas- 
sium, KCl,  MgCl2.6H.^O;  and  the  following  silicates:  talc,  asbestos, 
meerschaum,  enstatite,  and  serpentine.  Magnesium  salts  are  found  in 
plants,  in  which  they  may  to  a  certain  extent  replace  the  salts  of  calcium. 
As  phosphate,  magnesium  is  found  in  the  bones  and  urine  of  animals. 

Preparation. — Magnesium  is  now  usually  prepared  by  the  electrolysis  of  the 
fused  chloride.  The  decomposition  is  facilitated  by  the  presence  of  potassium 
chloride,  so  that  the  mineral  carnallite  becomes  a  chief  source  for  it.  The  precau- 
tion must  be  taken  to  have  no  kieserite  present,  since  it  is  liable  to  give  rise  to  vio- 
lent explosions.  The  electric  current  employed  is  furnished  by  a  powerful  dynamo. 
Magnesium  is  liberated  at  the  negative  pole.  The  vessel  in  which  the  decompo- 
sition is  effected  is  made  of  especially  prepared  cast-steel,  which  acts  as  the  nega- 
tive pole;  the  positive  pole  is  made  of  gas-carbon.  In  order  to  prevent  the  oxida- 
tion of  the  metal,  a  stream  of  hydrogen  or  nitrogen  is  led  through  the  vessel  dur- 
ing the  operation. 

The  metal  is  also  prepared  to  some  extent  by  throwing  into  a  red-hot  crucible 
6  parts  of  anhydrous  magnesium  chloride,  i  part  of  fluorspar,  i  part  of  sodium 
and  potassium  chloride  (obtained  by  fusing  together  7  parts  of  sodium  chloride 
and  9  parts  of  potassium  chloride),  and  i  part  of  finely-cut  sodium.  When  cold 
the  metal  is  removed  and  washed  with  water. 

The  product  from  both  of  the  preceding  processes  is  quite  impure,  containing 
carbon,  silicon,  and  nitrogen.  It  is  purified  by  distillation  from  an  iron  vessel  at 
about  1000°.  A  stream  (jf  hydrogen  or  coal-gas  is  passed  through  the  crucible  in 
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order  to  prevent  oxidation.     The  purified  metal  is  pressed  into  wire  by  pectiliar 
machinery,  and  then  rolled  into  nbbon. 

Properties. — ^Magnesium  is  a  silver-white,  strongly  lustrous  metal, 
having  a  specific  gravity  of  1.75.  It  is  unchangeable  in  dry  air,  but  in 
the  presence  of  moisture  it  gradually  becomes  covered  with  a  film  of 
oxide.  When  heated  without  access  of  air,  magnesium  melts  at  about 
750°  and  boils  at  1000°.  Heated  in  the  air  it  ignites,  and  bums  with  a 
blinding  white  Ught  which  is  especially  rich  in  actinic  rays.  Water  is 
not  decomposed  by  magnesium  at  ordinary  temperatures,  but  at  100° 
decomposition  takes  place,  with  evolution  of  hydrogen  and  the  formation 
of  magnesiimi  oxide. 

Uses. — On  account  of  the  chemical  activity  of  the  magnesium  light  it 
is  useful  in  photography,  and  enters  into  the  composition  of  the  numer- 
ous ** flash-light"  powders.  Previous  to  the  development  of  electric 
lighting  it  was  used  in  making  strong  lights  for  signalling  purposes.  It 
is  used  in  pyrotechny.  The  celebrated  Bengal  fires  are  made  as  follows: 
Red — I  part  of  pulverized  shellac,  5  parts  of  dried  strontium  nitrate, 
2.5  parts  of  powdered  magnesium.  Green — i  part  of  pulverized  shellac, 
6  parts  of  dried  barium  nitrate,  2.5  parts  of  powdered  magnesiimi.  An 
alloy  of  magnesium  with  aluminum  is  also  made  under  the  name  of 
**magnalium,"  and  is  a  silvery-white,  light  metal  which  takes  a  high 
polish.  Magnesiimi  also  has  some  use  in  the  laboratory,  where,  on 
account  of  its  freedom  from  arsenic,  it  may  replace  zinc  in  Marsh's  test. 

MAGNESIUIVJJVND  THE  HALOGENS. 

Magnesium  Chloride,  MgCl2.6H20. — Sea  water  and  most  mineral 
waters  contain  magnesium  chloride.  In  the  solid  state  it  is  found 
abundantly  as  camallite,  KCl,MgCl2.6H20,  at  Stassfurt;  also  in  a  number 
of  the  double  salts  in  that  locality.  It  may  be  prepared  by  dissolving 
magnesite  in  hydrochloric  acid;  but,  since  it  is  a  by-product  of  not  much 
value  in  the  preparation  of  potassium  chloride  from  camallite,  it  practi- 
cally all  comes  from  that  source. 

Properties.— Magnesium  chloride  occurs  in  colorless,  very  deliques- 
cent, monoclinic  crystals.  It  cannot  be  deprived  of  its  water  of  crystal- 
lization by  heat,  since,  when  heated,  it  decomposes  with  evolution  of 
hydrochloric  acid  and  formation  of  magnesiimi  oxychloride. 

The  anhydrous  salt,  therefore,  is  obtained  by  adding  ammonium  chlo- 
ride, evaporating  carefully  to  dryness,  and  then  igniting  carefully  in  a 
platinum  dish  to  volatilize  the  ammonium  salt;  or  it  may  be  prepared 
by  drying  the  crystallized  salt  in  a  stream  of  hydrochloric  acid  gas. 

Anhydrous  magnesium  chloride  occurs  in  transparent,  laminated, 
pearly  plates,  which  dissolve  in  water  with  the  evolution  of  heat.  It 
possesses  a  bitter,  saline  taste,  and  is  readily  soluble  in  water.  With 
magnesium  oxide  it  forms  an  oxychloride  which  is  insoluble  in  water. 
If  magnesium  oxide  is  added  to  a  30-per-cent.  magnesium  chloride 
solution  so  as  to  bring  it  to  a  creamv  consistence,  the  mixture  solidifies. 
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Uses. — ^Magnesium  chloride  is  used  in  the  preparation  of  artificial 
stone,  and  as  a  finisher  of  cotton  goods  in  dye-works. 

Magnesium  Oxychloride. — When  an  aqueous  solution  of  magnesium  chloride  of 
1. 1 6  to  1.26  specific  gravity  is  mixed  with  freshly-prepared  magnesium  oxide, 
the  mass  after  some  time  hardens,  so  as  to  be  capable  of  taking  a  high  polish.  It 
has  a  composition  represented  bv  the  formula  MgiiCl2(OH)90.4H2O.  On  exposure 
to  the  air  for  some  time  it  absorbs  carbon  dioxide.  Another  oxychloride  is  formed 
when  magnesium  sulphate,  containing  ammonium  hydroxide  and  chloride,  is  ex- 
posed to  the  air  for  some  time;  the  crystaUine  precipitate,  which  is  deposited,  has 
the  composition  Mg8Cl(OH)6.4H80. 

Anhydrous  magnesium  chloride  forms  with  alcohol  a  compound  in  which  the 
latter  replaces  the  water  of  crystallization.  This  crystalline  compound,  therefore, 
has  the  formula  MgCla.bCaHed. 

Magnesium  Bromide,  MgBrg.6H20,  occurs  in  sea  water  and  in  a  number  of  salt 
springs.  It  is  this  salt  more  than  any  other  that  is  the  source  of  bromine.  It  may 
be  prepared  by  heating  magnesium  m  bromine  vapor,  but  a  cheaper  method  con- 
sists in  passing  bromine  vapor  over  an  ignited  mixture  of  magnesium  oxide  and 
charcoal. 

The  anhydrous  salt  forms  in  solid,  white,  crystalline  masses,  which  are  ver)' 
deliquescent,  and  become  hot  in  contact  with  water.  When  the  salt  contains 
water  of  crystallization,  it  loses  hydrobromic  acid  on  the  application  of  heat, 
leaving  a  residue  of  magnesium  oxybromide. 

Magnesium  Iodide,  Mglg,  occurs  associated  with  the  bromide,  or  it  may  be  pre- 
pared by  passing  iodine  vapor. over  magnesium.  It  forms  very  deliquescent, 
nydratea  crystals,  which  readily  decompose  with  liberation  of  iodine. 

Magnesium  Fluoride,  MgFg,  is  found  in  nature  as  the  mineral  seUaite.  It  is  in- 
soluble in  water.  It  may  be  prepared  by  evaporating  magnesium  oxide  with  an 
excess  of  aqueous  hydrofluoric  acid  to  dryness.  It  forms  amorphous  masses, 
which  may  be  obtained  in  crystals  by  fusing  with  sodium  chloride  and,  after  cool- 
ing, removing  the  salt  by  washing  with  water. 

MAGNESIUM  AND  OXYGEN. 

Magnesium  Oxide,  MgO.  Magnesii  Oxidum,  U.S. P. — Black,  in  1755, 
appears  to  have  been  the  first  to  prepare  this  oxide.  He  noted  its  property 
of  dissolving  in  sulphuric  acid,  which  served  to  distinguish  it  from  lime. 

Occurrence. — Magnesium  Oxide  is  found  native  in  the  rare  mineral 
periclase,  found  at  Mount  Somma,  near  Naples.  This  mineral,  however, 
contains  some  ferrous  oxide. 

Preparation. — Magnesia  is  prepared  on  a  large  scale  by  heating  the  carbonate. 

When  the  light  carbonate  is  ignited,  the  light  or  calcined  magnesia,  magnesia  usta, 

results.     When  a  denser  carbonate  is  used,  the  result  is  heavy  magnesia.  Magnesii 

Oxidum    Ponderosum,   U.S. P.      With   the   official   carbonate   the   reaction   is  as 

follows  : 

(MgC03)4Mg(OH)a.5HaO     -^     sMgO     -f       6HaO      .      4COa. 

The  operation  is  conducted  in  iron  or  earthenware  crucibles  ;  at  300®  the  de- 
composition readily  takes  place,  and  it  is  known  to  be  complete  when  a  small 
quantity,  taken  from  the  middle  of  the  vessel  with  an  iron  spoon  and  cooled, 
gives  no  effervescence  with  dilute  hydrochloric  acid. 

Probably  the  most  important  feature  in  the  successful  manufacture  of  this 
compound  is  that  of  avoiding  too  high  a  temperature.  In  order  to  prevent  parts 
of  the  powder  from  becoming  too  hot  it  should  be  stirred  frequently,  or  it  has 
been  recommended  to  perform  the  ignition  in  shallow  pans,  so  that  the  depth  of 
the  carbonate  does  not  exceed  2  to  3  inches.  Much  also  depends  upon  the  purity 
and  physical  condition  of  the  carbonate  employed. 

Properties. — Official  magnesia  occurs  as  a  loose,  white,  odorless 
powder;  possessing  an  earthy  but  not  saline  taste.     It  is  almost  insoluble 
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in  water  (i  to  55,368),  insoluble  in  alcohol,  but  readily  soluble  in  dilute 
acids  with  effervescence. 

The  presence  of  ammonium  salts  materially  increases  its  solubility 
in  water.  In  moist  air  it  readily  absorbs  moisture  and  carbon  dioxide, 
becoming  converted  into  a  basic  carbonate. 

Magnesia  is  not  visibly  affected  by  any  temperature  below  that  of  the 
oxy hydrogen  flame,  but  it  will,  at  lower  temperatures,  become  more 
dense  and  crystalline.  **On  stirring  i  part  of  Magnesia  with  15  parts 
of  water,  in  a  beaker,  and  allowing  the  mixture  to  stand  for  about  half 
an  hour,  it  will  form  a  gelatinous  mass  of  sufficient  consistence  to  pre- 
vent it  from  dropping  out  when  the  beaker  is  inverted." — ^U.  S.  P.  The 
heavy  magnesia  is  a  denser  and  finer  powder,  but  in  most  other  char- 
acters resembles  the  Ught  compound. 

Magnesium  Hydroxide,  Mg(OH)a,  occurs  in  nature  as  the  mineral  brucite.  It 
may  be  prepared  by  allowing  a  not  overheated  magnesium  oxide  to  stand  in  con- 
tact with  water,  or  more  quickly  by  heating  the  same  compound  with  water  to 
1 50®.  Sodium  or  potassium  hydroxide  precipitates  magnesium  hydroxide  from 
solutions  of  the  salts,  like  the  sulphate  or  chloride. 

Magnesium  hydroxide  is  a  white,  nearly  insoluble  powder.  It  is  easily  soluble 
in  solutions  of  ammonium  salts.  At  100®  magnesium  hydroxide  is  not  affected, 
but  when  the  temperature  approaches  redness,  it  is  easily  converted  into  oxide. 
It  is  sufficiently  soluble  in  water  to  impart  an  alkaline  reaction  to  the  latter. 

SALTS   OF    MAGNESIUM. 

Magnesium  Sulphite,  MgSOa.bHaO,  is  prepared  by  double  decomposition  be- 
tween magnesium  sulphate  and  sodium  sulphite ;  or  it  may  be  made  by  adding 
sulphurous  acid  in  excess  to  a  mixture  of  8  parts  of  magnesium  oxide  in  16  parts 
of  water. 

Properties. — Magnesium  sulphite  is  a  white,  crystalline  powder,  becoming  oxi- 
dized on  exposure  to  air,  odorless,  having  a  slightly  bitter,  somewhat  sulphurous 
taste,  and  a  neutral  or  slightly  alkaline  reaction.  It  is  soluble  in  20  parts  of  water 
at  15®,  and  in  19  parts  of  boiling  water;  insoluble  in  alcohol.  When  heated  to 
200®  the  salt  loses  its  water  of  crystallization,  amounting  to  50.9  per  cent.,  and  is 
converted  into  magnesia  and  anhydrous  magnesium  sulphate. 

Magnesium  sulphite  was  at  one  time  official  in  the  U.  S.  Pharmacopoeia,  but  was 
dropped  from  the  1890  revision.  It  has  some  use  in  medicine,  as,  on  account  of 
its  sparing  solubility,  its  taste  is  not  quite  so  disagreeable  as  the  other  sulphites. 
It  has  the  medicinal  properties  of  the  sulphites  in  general. 

Magnesium  Sulphate,  MgSO^.yHjO.  Magnesii  Sulphas,  U.S. P. — 
Epsom  salt  became  known  about  the  end  of  the  seventeenth  century, 
because  of  its  valuable  purgative  qualities,  and  was  designated  on  the 
continent  of   Europe  as  bitter  salt  and  Sal  Anglicum, 

Occurrence. — ^Magnesium  sulphate  occurs  in  many  mineral  waters, 
the  most  notable  being  those  of  Pullna  and  Seidlitz,  in  Bohemia,  of 
Epsom,  in  England,  of  Friedrichshall,  in  Germany,  and  Hunyadi  Janos, 
in  Hungary.  Under  the  name  of  kieserite  magnesium  sulphate  is  found 
at  Stassfurt,  having  the  composition  MgSO^.HjO.  The  upper  layer  of 
this  salt  deposit,  known  as  Abraumsalz,  is  a  mixture  of  magnesium 
sulphate  with  a  number  of  other  salts. 

Extraction. — Formerly  much  magnesium  sulphate  was  obtained  by 
the  concentration  of  natural  bitter  waters  and  by  the  evaporation  of  the 
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mother  liquors  after  the  crystalhzation  of  sodium  chloride  from  sea- 
water.  At  the  present  time  large  quantities  are  made  as  a  by-product 
in  the  manufacture  of  carbon  dioxide  for  use  in  mineral  waters.  Mag- 
nesite  is  used  to  furnish  this  gas  and  sulphuric  acid  is  used  to  effect  its 
liberation,  as  follows  : 

After  the  escape  of  carbon  dioxide,  the  residue  is  dissolved  in  hot 
water,  neutralized  with  magnesite,  some  barium  sulphide  added,  and 
the  mixture  allowed  to  stand  for  some  time  in  order  to  separate  iron, 
finally,  the  clear  liquid  is  concentrated  and  allowed  to  crystallize.  The 
Abraumsalz  above  mentioned  is  also  employed  as  a  source  of  magnesivmi 
sulphate.  This  salt  is  exposed  to  a  damp  atmosphere,  or  suspended  in 
baskets  over  open  evaporators,  so  that  it  is  brought  in  contact  with  the 
ajcending  steam ;  by  this  means  the  very  soluble  magnesium  and  soditmi 
chlorides  are  dissolved,  while  the  kieserite  remains  behind.  Kieserite  is 
not  easily  dissolved  by  water,  but  on  contact  with  that  liquid  it  disin- 
tegrates and  is  converted  into  Epsom  salt,  containing  7  molecules  of 
water;  in  this  form  it  is  dissolved  and  recrystallized. 

Properties. — ^Magnesium  sulphate  crystallizes  from  water  in  color- 
less, rhombic  prisms,  or  in  small  acicular  crystals;  the  latter  form  is 
obtained  by  allowing  the  crystallization  to  take  place  from  hot  concen- 
trated solutions.  The  salt  is  without  odor,  and  has  a  cooling,  saline, 
bitter  taste;  the  crystals  slowly  effloresce  in  dry  air.  It  is  soluble  in 
0.85  parts  of  water  at  25°,  and  in  0.13  part  of  boiling  water  ;  insoluble 
in  alcohol.  When  heated  to  52°  the  salt  loses  i  molecule  of  water, 
from  this  temperature  up  to  132°  it  loses  5  additional  molecules,  and  at 
200°  to  238°  the  remaining  molecule  is  removed  and  the  salt  becomes 
anhydrous.     The  aqueous  solution  is  neutral  to  litmus. 

With  the  salts  of  the  alkali  metals  magnesium  sulphate  forms  double 
salts,  as  MgSO,.K,,SO,.6H20  ;  MgSO,(NHj2SO,.6H.p,  etc.  When  an- 
hydrous magnesium  sulphate  is  dissolved  in  hot  concentrated  sul- 
phuric acid,  six-sided  tabular  crystals  separate  on  cooling,  which  have 
the  composition  MgSO^.H^,SO^. 

Uses. — Magnesium  sulphate  is  used  in  medicine  as  an  active  and  safe 
cathartic.  It  also  has  some  use  in  dyeing  and  calico  printing  as  a  finisher. 
When  this  salt  is  used  wnth  aniline  colors,  the  finished  goods  are  found 
to  better  resist  the  action  of  soap. 

Magnesium  Nitrate,  Mg(N03)2.6H20,  is  prepared  by  neutralizing  nitric  acid 
with  magnesium  carbonate.  It  forms  deliquescent  monoclinic  prisms  or  acicular 
crystals.  From  hot  solutions  it  separates  with  2  molecules  of  water  of  crystalli- 
zation.   The  crystals  are  soluble  in  o  -  part  of  water  at  1 5°,  and  in  9  parts  of  alcohol. 

Normal  Magnesium  Phosphate,  Mg3(P04)2t  is  found  in  bones,  in  the  seeds  of 
many  plants,  and  in  a  number  of  minerals.  It  is  precipitated  when  a  solution  of 
trisodium  orthophosphate  is  added  to  one  of  magnesium  sulphate.  One  part  of 
the  salt  requires  5000  parts  of  water  to  dissolve  it. 

Magnesium  Hydrofien  Phosphate,  MgHP04,  is  formed  when  a  solution  of  ordinary 
sodium  phosphate,  NagHPO^,  is  added  to  one  of  magnesium  sulphate.    On  standing 
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in  contact  with  water,  this  precipitate  becomes  crystalline  with  7  molecules  of 
water.    One  part  of  this  crystalline  precipitate  is  soluble  in  322  p»arts  of  water. 

Ammonium  Magnesium  Phosphate,  Mg(NH4)P04.6H20. — This  salt  frecjuently 
separates  from  decomposing  urine,  and  large  crystals  of  it  have  been  found  m  some 
varieties  of  guano.  It  is  formed  when  ammonium  chloride  and  hydroxide  are  mixed 
with  a  solution  of  magnesium  sulphate,  and  then  a  solution  of  a  soluble  phosphate 
added.  The  crystals  which  are  tnus  produced  are  transparent,  quadratic  prisms, 
soluble  in  15,000  parts  of  water  at  i$°  and  in  44,000  parts  of  ammoniacal  water. 
At  1 00°  five  molecules  of  water  are  given  off  without  loss  of  ammonia,  and  at  higher 
temperatures  the  remainder  of  the  water  and  the  ammonia  escape,  leaving  mag- 
nesium pyrophosphate,  MgaPaO?. 

Magnesium  Arsenate  and  Magnesium  Ammonium  Arsenate  are  similar  in  their 
method  of  preparation  and  properties  to  the  corresponding  phosphates. 

Alagnesium  Borate. — When  solutions  of  borax  and  magnesium  sulphate  are 
mixed  in  the  cold,  no  precipitation  takes  place,  but  on  long  boiling  a  precipitate 
forms  having  the  competition  Mg(BOa)8,2Mg(OH)a.7HaO.  This  compound  has  had 
some  use  as  an  antiseptic. 

Magnesium  Carbonate,  MgCOj. — ^This  is  the  normal  magnesium  car- 
bonate, and  is  found  abundantly  in  nature  as  magnesite.  It  is  some- 
times found  in  rhombohedral  crystals,  which  are  isomorphous  with 
those  of  calcite.  In  pharmacy  and  medicine  we  are  concerned  chiefly 
with  the  artificially  prepared  or  basic  magnesium  carbonate  (MgCOj)^, 
Mg(OH)2.5H20,  Magnesii  Carbonas,  U.S. P.  This  compound  became 
known  as  a  valuable  medicinal  agent  about  the  beginning  of  the  eigh- 
teenth century,  under  the  name  of  magnesia  alba. 

Preparation. — 10  parts  of  magnesium  sulphate  and  12  parts  of  sodium  car- 
bonate are  each  dissolved  separately  in  80  parts  of  distillea  water,  the  solutions 
are  mixed  in  the  cold,  and  tne  mixture  boiled  for  i  5  minutes.  The  precipitate  is 
collected  on  a  muslin  filter  and  washed  with  hot  water  until  the  washings  cease  to 
give  a  reaction  with  barium  chloride  for  sulphuric  acid.  The  heavy  carbonate  of 
magnesia,  magnesia  carbonas  ponderosa  of  the  British  Pharmacopoeia,  is  prepared 
by  dissolving  each  of  the  above  salts  in  20  parts  of  water,  mixing,  and  evaporating 
the  resulting  mixture  to  dryness.  The  dry  residue  is  then  washed  thoroughly 
with  hot  water  until  all  sodium  sulphate  is  removed.  The  product  is  a  dense  pow- 
der.   The  reaction  which  takes  place  in  these  processes  is  as  follows : 

5MgS04    r    sNaaCOa    i-  6HaO  -  (MgCb8)4.Mg(OH)a.5HaO  -\-  5NaaS04  +  COa. 

Maenesium  Sodium  Water.  Official  Mag^ncsium  Carbonate.  Sodium         Carbon 

Sulphate.  Carbonate.  c.    r    /"  Sulphate.      Dioxide 

The  method  of  Pattinson  consists  in  igniting  dolomite,  a  magnesium  and  cal- 
cium carbonate,  and  treating  the  product  with  solution  of  carbon  dioxide  under  a 
pressure  of  5  to  6  atmospheres.  The  magnesium  carbonate  goes  into  solution  much 
easier  than  the  calcium  carbonate.  The  clear  solution  is  separated  from  the  pre- 
cipitate of  the  latter,  and  on  heating  deposits  a  precipitate  of  the  official  carbonate, 
with  evolution  of  some  carbon  dioxide,  which  may  be  used  again. 

Properties. — ^The  official  magnesium  carbonate  comes  in  commerce 
in  loose,  white,  easily-pulverized  masses,  which  are  readily  reduced  to 
a  fine,  white,  amorphous  powder,  without  odor,  having  an  earthy  taste, 
and  permanent  in  the  air.  It  dissolves  in  2500  parts  of  cold  water,  and 
in  9000  parts  of  hot  water,  and  imparts  to  the  water  an  alkaline  reaction ; 
alcohol  exerts  no  solvent  action  upon  it.  Dilute  acids  dissolve  it  with 
active  effervescence,  and  without  leaving  any  residue. 

Solutions  of  ammonium  salts  have  considerable  solvent  action  on 
magnesitmi  carbonate,  and  in  the  presence  of  ammonium  chloride  no 
precipitation  of  the  carbonate  will  occur. 
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On  the  application  of  heat,  water  is  first  given  off,  and  at  1 70°  (Mende- 
\6efi)  the  decomposition  of  the  carbonate  is  complete,  magnesium 
oxide  remaining.  This  is  considerably  lower  than  the  temperature  of 
dissociation  given  by  other  authorities,  and  would  consequently  require 
more  time  than  that  usually  given  for  the  preparation  of  magnesiiun 
oxide. 

When  the  official  magnesium  carbonate  is  shaken  with  water  until  a 
uniform  mixture  results,  and  carbon  dioxide  is  passed  in,  tli^^  results 
a  clear  solution  of  acid  magnesium  carbonate,  MgH2(C03)2f^mch  has  not 
been  separated  in  the  solid  state.  This  solution  on  exposure  to  the  air 
and  warming  to  50®,  deposits  crystals  of  the  neutral  carbonate  with  3 
molecules  of  water,  MgC03.3H20,  or  at  a  winter  temperattire  MgCOj.- 
5H2O  separates.  Under  ordinary  atmospheric  pressure  i  part  of  mag- 
nesium carbonate  requires  761  parts  of  carbonic  acid  water  to  dissolve 
it,  under  3  atmospheres  of  pressure  the  solubility  is  i  to  134,  and  at  6 
atmospheres  it  is  i  to  76  of  the  carbonic  acid  water. 

The  Liquor  Magnesii  Carbonatis  of  the  British  Pharmacopoeia  is  such 
a  solution,  and  contains  about  2  per  cent,  of  the  ofl&cial  carbonate.  It  is 
clear,  and  free  from  bitter  taste. 

Uses. — Magnesium  carbonate  is  used  in  medicine  as  an  antacid,  and 
in  the  presence  of  acids  becomes  cathartic  in  its  action. 

Magnesium  Silicates. — A  number  of  these  compounds  occur  widely  distributed 
in  the  mineral  kingdom.  Talc  has  the  composition  3MgSi08-HsSi08,  serpentine 
3MgO,2SiOa.2H20,  etc. 

BERYLLIUM     (Glucinum,    Gl). 

Symbol,  Be.  Atomic  Weight,  9.03.  Valence,  II. 

Historical. — The  mineral  beryl  was  formerly  supposed  to  be  a  compound  of 
silica  with  calcium  or  aluminum,  but  Vauquelin,  in  1798,  showed  the  base  to  be 
different  from  both  of  these,  and  the  name  elucina  was  given  to  this  new  earth. 
WOhler,  in  1828,  first  obtained  the  metal,  by  fusing  the  chloride  with  potassium. 

Occurrence. — Beryllium  occurs  in  nature  in  a  few  rare  minerals.  Beryl  is  a 
silicate  of  beryllium  and  aluminum,  3BeSi03,Ala(Si08)8.  which  occurs  in  beautiful 
hexagonal  crystals  of  a  green  color;  the  transparent,  green-colored  varieties  are 
known  as  emerald,  and  those  of  a  bluish-^reen  tmt  are  termed  aquamarine.  Phen- 
acite  is  a  beryllium  silicate  of  the  composition  BeaSiOi,  and  chrysoberyl  is  a  beryl- 
lium and  aluminum  oxide,  BeO,Al203. 

Preparation. — Metallic  beryllium  is  prepared  by  passing  the  vapor  of  beryl- 
lium chloride,  along  with  hydrogen,  over  heated  sodium.  A  violent  reaction  occurs, 
and  the  chloride  is  reduced  to  the  metallic  state  and  is  obtained  in  the  form  of 
powder.  It  is  afterwards  caused  to  cohere  by  fusing  in  a  crucible  under  a  la>rer  of 
sodium  chloride.  Any  of  the  modem  processes  for  the  preparation  of  aluminum 
may  be  successfully  applied  to  the  preparation  of  beryllium. 

Properties. — Beryllium  is  a  silver-white,  lustrous  metal;  malleable,  and  hav- 
ing the  specific  gravity  1.64.  It  remains  unchanged  in  the  air  at  ordinary  tem- 
peratures, but  when  heated  it  becomes  coated  with  a  thin  film  of  oxide,  which 
prevents  further  change.  If  the  metal  be  in  a  finely- powdered  state  it  will  inflame 
when  heated  in  the  air.  It  acts  upon  water  at  a  boiling  temperature  but  slowly. 
Dilute  acids,  like  hydrochloric  and  sulphuric,  dissolve  it,  as  do  also  the  hydroxides 
of  sodium  and  potassium,  but  nitric  acid,  even  when  hot  and  concentrated,  acts 
on  it  very  slowly. 

Beryllium  Chloride,  BeClg,  is  obtained  in  the  anhydrous  condition  by  passing 
chlorine  over  a  heated  mixture  of  beryllium  oxide  and  charcoal.  It  is  easily  ftisi- 
tvi«  ond  volatile,  and  may  be  obtained  with  4  molecules  of  water  of  crystalhzation 
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from  aqueous  solution.  The  chloride  may  also  be  obtained  by  dissolving  the  oxide 
in  hydrochloric  acid.    In  many  of  its  characters  it  resembles  magnesium  chloride. 

Beryllium  Bromide,  BeBrs,  Iodide,  Bela,  and  Fluoride,  BeFa,  are  known  and 
may  be  prepared  like  the  chloride. 

Beryllium  Oxide,  BeO,  yields  with  acids  salts  having  a  sweet  taste.  The  solu- 
tions of  these  salts  give  precipitates  of  the  hydroxide,  Be(OH)2,  on  the  addition  of 
sodium  or  potassium  hydroxide;  this  hydroxide  is  distinguished  from  that  of 
magnesium  by  being  soluble  in  excess  of  the  reagent,  and  from  the  hydroxide  of 
aluminum  by  its  solubility  in  excess  of  alkali  carbonate. 

Beryllium  Sulphate,  BeS04.4H20,  separates  from  hot,  concentrated  solutions, 
while  from  acid  solution  BeS04.7H20  crystallizes;  it  is  isomorphous  with  mag- 
nesium sulphate. 

Beryllium  Nitrate,  Be(NOs)a.3H20,  is  an  extremely  deliquescent  salt,  easily 
soluble  in  alcohol. 

Beryllium  Phosphate,  BeHP04.3H20,  is  obtained  by  precipitating  a  soluble 
salt  of  beryllium  with  sodium  phosphate. 

Beryllium  Carbonate,  BeC08.4H20,  separates  in  crystals  of  this  composition, 
when  a  solution  of  the  basic  carbonate  in  carbon  dioxide  is  concentrated  over 
sulphuric  acid  with  exclusion  of  oxygen. 

ZINC. 

Symbol,  Zn.  Atomic  Weight,  64.9.  Valenoe,  II. 

History. — Paracelsus  in  the  sixteenth  century  first  recognized  zinc 
as  a  metal.  It  was  known,  however,  long  before  that  time  that  certain 
ores  of  zinc  known  as  cadmia  would,  when  smelted  with  copper  ores, 
furnish  a  yellow  metal  (brass).  Works  for  the  preparation  of  metallic 
zinc  were  first  established  in  the  year  1743,  at  Bristol,  England. 

Occurrence. — It  is  doubtful  if  zinc  occurs  in  nature  in  the  metallic 
state,  although  it  is  said  to  have  been  found  in  Australia.  The  most 
abundant  ore  of  zinc  is  the  sulphide,  or  zinc  blende,  and  next  the  silicate, 
or  calamine,  although  the  carbonate  (smiihsonite)  is  often  included  imder 
the  same  general  term.  The  most  noted  European  localities  are  Belgium, 
Silesia,  Saxony,  and  England.  In  the  United  States  fully  half  the  zinc 
is  produced  in  Missotui.  although  there  are  important  deposits  in  Penn- 
sylvania, New  Jersey,  Virginia,  Wisconsin,  Kansas,,  and  Arkansas. 

In  the  United  States  there  are  two  ores  that  are  peculiar  to  the  locali- 
ties named  and  are  not  found  abroad, — namely,  the  native  oxide^  called 
red  oxide,  or  zincite,  and  a  mixture  of  zinc  oxide  wrth_ manganese  and 
iron  oxfde,  known  as  franklinite.  Both  oftKes'e  mirierals  occur  at  Fr^k- 
Inr'and'Uine  Hill,  New" Jersey! 

Zinc  has  been  found  in  the  ashes  of^me  plants  which  grow  ixi. locali- 
ties where  the  soil  contains  the  metal.      ^  r^      y  <^ 

Preparation. — Zinc  ores  arenrst  roasted  to  remove  carbon  dioxide  and  water 
in  the  case  of  calamine,  and  in  the  blende  to  convert  the  sulphide  into  oxide.  The 
roasted  ore  is  then  reduced  with  charcoal.    V^***^  ■*- 1  *=-    >-:3'^  ^  C*  -k. 

Originally  the  English  process  was  exclusively  employed.  This  consisted  in 
mixing  the  roasted  ore  with  half  its  weight  of  charcoal,  and  heating  in  crucibles 
which  were  constructed  with  a  tube  extending  from  the  bottom  of  the  crucible 
down  to  a  vessel  underneath.  This  tube  was  plugged  at  its  opening  into  the  cruc- 
ible with  a  piece  of  wood,  which  was  converted  early  in  the  operation  into  porous 
charcoal,  and  thus  allowed  the  passage  of  the  zinc  vapor  down  to  the  receiver 
below.  The  top  of  the  crucible  was  tightly  covered.  The  English  process  has  now 
given  way  to  the  Belgian  and  the  Silesian  processes. 

25 
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The  Belgian  process  ts  illustrated  in  the  figures  as  follows;  Fig.  115  shows  a 
side  view  of  the  retorts  placed  in  the  furnace,  and  Fig.  tt6  gives  a  back  vie^  ' 
these  retorts,  showing  how  the  fire  reaches  them. 


.  Fig.  : 
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e  made  of  fire-clay,  and  filled  with  a  mixture  of  pow- 
dered toal  iind  roasted  ore.  They  are  about  i  meter  in  length,  with  an  internal 
diameter  of  0.2  meter.  To  the  open  end  a  conical  earthenware  tube  o.a4  meter  in 
length  is  luted,  and  to  it  the  condenser,  g,  is  fitted;  this  condenser  has  a  small 
opening  in  its  end  to  permit  the  escape  of  gases.  The  charge  consists  of  about  40 
pounds  of  a  mixture  of  3  parts  of  roasted  ore  and  1  part  of  coal.  About  48  of  the 
crucibles  are  placed  in  one  of  the  furnaces.  On  the  application  of  heat  carbon 
monoxide  first  escapes,  and  bums  at  the  mouth  of  the  tube  (J.  Fig.  1 1 7)  with  a  blue 
flame.  As  the  metal  begins  to  volatilize  the  flame  becomes  much  whiter  in  color; 
the  receiver,  g.  is  then  placed  in  position,  and  there  is  condensed  in  it  a  mixture  of 
finely-divided  metal  and  oxide;  this  is  removed  after  a  time,  and  the  metal  col- 
lected both  in  the  receiver  and  in  the  earthenware  tube. 

In  the  Silesian  process  is  used  a  retort  or  mufile  of  a  shapo  different  from  that 
employed  in  the  Belgian  method,  and  it  is  considerably  larger  in  size.  Fig.  tiS 
shows  these  muffles  in  position  in  the  furnace. 

In  this  process  considerably  more  of  the  zinc  is  converted  into  oxide.  A  few 
furnaces  are  constructed  to  use  the  Siiesian  muflHes  below  and  the  Belgian  retorts 
above. 
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In  some  localities,  as  in  Kansas,  natural  gas  is  used  as  fuel  to  great  advantage, 
knd  on  account  of  the  economy  in  its  use  inuch  of  the  zinc  ore  from  neighboring 
■tates  is  sent  there  for  spielting. 

Commercial  zinc  oftens  contains  as  impurities  lead,  carbon,  iron,  arsenic,  and 
some  other  metals.     It,  therefore,  reauires 

further  purification.      This  is  accomplished  Fig.  117. 

by  submitting  it  to  distillation  in  retorts 
similar  to  those  used  in  the  English  method 
of  reduction;  that  is,  with  an  exit-pipe 
cemented  into  the  bottom  of  the  vessel. 
The  vapors  pass  down  through  this  tube 
and  are  collected  in  a  vessel  beneath.  Zinc 
purilied  in  this  manner  is  usually  rcmclted 
and  cast  into  rods,  rolled  into  thin  sheets, 
ur  granulated  by  pouring  into  cold  water, 
in   which   form  it  is   known    as   "mossy" 

The  Belgian  process  is  chiefly  used   in 
the   United  States,  where  the  output  for 
1904  amounted  to  186,701  short  tons,  valued  ^i.  no.w, 
10,149  to"^  were  exported,  together  with  31,063  tons  of 


.670.1C 


Of  this  production 


Properties. — Zinc  is  a  bluish-whitc  metal,  with  a  lustre  which  is 
almost  insignificant  when  compared  with  that  of  some  other  metals. 
When  cast  it  exhibits  a  tabular  structure.  Its  specific  gravity  ranges 
from  6.9,  when  it  is  cast,  to  7.2,  when  it  is  rolled.  It  is  very  ductile, 
ccHisidering  its  hardness.  Its  malleability  is  considerable  when  pure, 
but  in  the  impure  condition  it  is  quite  brittle. 

When  heated  to  100°  and  not  above  150°,  its  malleability  and  ductility 
are  materially  increased ;  above  zoo°  it  becomes  sufficiently  brittle  to  be 
powdered  in  an  iron  mortar.     Zinc  melts  at  413°  to  415°,  and  at  940° 


it  boils.  It  is  official  under  the  name  of  Zincum,  and  this  metal  should 
dissolve  in  dilute  hydrochloric  or  sulphuric  acid  with  evolution  of  hydro- 
gen, and  without  leaving  an  appreciable  residue.  The  purest  metal  is 
8^}wly  attacked  by  sulphtiric  acid,  but  the  action  may  be  hastened  by 
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the  addition  of  a  little  platinic  chloride,  to  establish  galvanic  action;  the 
hydrogen  evolved  should  have  no  disagreeable  odor. 
^     Zinc  does  not  readily  undergo  change  when  exposed  to  dry  air;   in 
N  ^    damp  air  it  becomes  coated  with  a  thin  film  of  oxide  and  carbonate, 

^    which  prevents  further  action. 
'      ,        Water  is  not  decomposed  by  zinc  at  ordinary  temperatures,  but  at 
^     1 00°  slight  action  takes  place,  which  becomes  correspondingly  greater 
^^     as  the  temperature  is  increased. 

^  Sodium  and  potassium  hydroxides  dissolve  zinc  with  evolution  of 

"vj       hydrogen  and  formation  of  sodium  and  potassium  zincate.     Zinc-dust 
"^        is  composed  chiefly  of  a  finely -powdered  zinc  mixed  with  some  oxide. 
It' IS  a  valuable  reducing  agent  in  theTaboratory,  ancTlsused^on  a  com- 
mercial scale  in  the  reduction  of  indigo.     It  has  also  some  use  as  a  paint. 
Uses. — Zinc  is  used  in  large  quantities  in  the  manufacture  ofbrass. 
and  in  still  larger  amounts  for  galvanizing  iron  in  the  form  of  wire,  nails, 

and    Sh^»ets.       It    is    also    prnplnypr^    in^r?PgiTy^T?n^[^fiaH^    in    hatfpH^c     for 

%    roofing,  for  mouldings,  and  a  great  number  of  other  purposes. 


n 


^'^ 


ZINC  AND  THE  HALOGENS. 

Zinc  Chloride,  ZnCl^.  Zinci  Chloridum,  U.S. P.,  may  be  obtained 
by  burning  strips  of  thejmetal  in  chlorine  ^as,  and  by  evaporating  the 
solution  of  ziric~ chloride  andHistilling  the  residue.     '*' 

Liquor  Zinci  Chloridi,  U.S. P.,  is  prepared  by  dissolving  the  inetal 
in  hydrochloric  acid  to  saturation ;  a  small  quantity  of  nitric  aci  J  is  then 
added  to  oxidize  any  impurity  of  iron ,  ^nd  the  solution  Is  evaporated 
to  a  dry  iti^s  "at  a  temperature  not  exceeding  115°.  The  residue  is 
dissolved  in  water  and  allowed  to  stand  in  contact  with  the  zinc  car- 
bonate for  24  hours;  the  clear,  supernatant  liquid  is  then  siphoned  off 
and  brought  to  a  strength  of  50  per  cent. 

Since  zinc  oxide  is  to  be  had  in  commerce  of  great  purity  and  at  a 
reasonable  price,  it  is  probably  almost  as  economical  to  prepare  the 
chloride  by  saturating  the  acid  with  oxide  as  follows  : 


ZnO 

:             2HCI 

ZnCla 

1 

i- 

HaO. 

Zinc 
Oxide. 

Hydrochloric 
Acid. 

Zinc 
Chloride. 

Water. 

The  dilute  solution  of  zinc  chloride  may  be  filtered  through  paper, 
but  when  more  concentrated  it  should  be  filtered  through  asbestos,  or 
allowed  to  stand  until  clear  and  then  decanted. 

In  order  to  obtain  the  dry  salt  the  solution  is  evaporated  in  a  porcelain 
dish  on  a  sand-bath  until  it  becomes  syrupy,  and  is  then  carefully  brought 
to  dryness.  Some  oxychloridc  is  fomicd  during  the  evaporation,  which 
may  be  diminished  by  the  cautious  addition  of  hydrochloric  acid  from 
time  to  time.     The  dried  salt  may  be  still  further  purified  by  distillation. 

Properties. — Zinc  chloride  is  found  in  commerce  as  a  white,  granular 

powder,  or  in  irregular,  porcelain-like  masses,  or  it  ma7T)e  obtained 

moulded  into  sticks.     It  is  odorless,  intensely  caustic,  and,  when  dis- 
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solved  in  sufficient  water  to  make  tasting  possible,  has  an  astringent, 
metallic  taste.  It  is  very  dpljqiip<^f"p;pt;  soluble  in  0.4  part  of  water~at 
25^,  and  very  soluble  in  alcohol.  When  heated  to  115^  the  salt  melts, 
and  at  a  higher  temperature  it  is  volatilized  with  some  decomposition, 
leaving  a  residue  of  oxychloride  and  oxide.  The  official  salt  leaves  a 
clear  solution  with  water,  and  this  solution  on  prolonged  boiling  deposits 
a  basic  salt.  The  syrupy  solution,  on  the  addition  of  a  few  drops  of 
hydrochloric  acid,  deposits  octahedral  crystals,  containing  one  mole- 
cule of  water  of  crystallization.  The  official  solution  has  a  specific 
gravity  of  1.548  at  25°,  and  reacts  acid  with  litmus  paper. 

The  concentrated,  aqueous  solution  attacks  cellulose,  and  cannot, 
therefore,  be  filtered  through  paper. 

Uses. — Zinc  chloride  in  solution  is  largely  used  as  an  antiseptic  and 
disinfectant.  It  enters  into  the  composition  of  most  embalming  fluids, 
and  constitutes  the  well-known  Burnett's  diicinfc/ciini'  liquid.  A  solution 
of  1 00  parts  of  zinc  chloride  in  1 2  parts  ot  water,  saturated  with  6  parts 
of  potassium  iodide,  and  then  as  much  iodine  added  as  the  solution  will 
dissolve,  furnishes  a  valuable  microscopic  reagent  for  cellulose,  with  which 
it  gives  a  blue  color.  A  commercial  solution  of_calaminc,  zinc  blende, 
or  the  impure  metal  in  hydrochloric  acid,  is  used  to  impregnate  wood 
to  effect  its  preservation.  The  purified  salt  has  some  use  in  medicine  / 
as  ah  antispasmodic  and  alterative,  and  also  as  an  escharotic.  ' 

Zjyic  Bromide ^nBv.^.  Zinci  Bromiduni,  U.S. P. — ^The  aqueous  solu- 
tion is  easily  prepared  by  gently  warming  fi  mixtnrp  nf  y.inc^  hrnmine, 
and  water.  (See  page  1 74.)  The  same  precautions  are  to  be  observed, 
Tn'obtamTng  the  dry  salt  from  this  solution,  that  were  noted  under  the 
chloride.  The  dry  salt  may  be  purified  by  sublimation,  when  it  is 
obtained  in  white,  acicular  crystals. 

Properties. — Zinc  bromide  is  found  as  a  white,  granular  powder, 
odorless,  and  having  a  slTai^T^alme.'an^^  metalUc^tast^  fi  is  a  very 
deliquescent  salt.jeadilv^s^iluble  in  wateran^aicofioTT  On  the  appli- 
cation of  heal  the  salt  fuses  at  394°,  and  at  higher  temperature  it 
sublimes.     The  aqueous  solution  reacts  acid  toward  litmus  paper. 

The  chief  use  of  zinc  bromide  appears^o  be  for  the  treatment  of 
epilepsy. 

Zinc  Iodide,  Znlj.  Zinci  lodidum,  U.S. P. — Zinc  and  iodine  readily27j4  | 
unite  when  heated  together,  and  the  salt  may.  by  this  process, 
vbe  obtained  in  the  solid  state,  which,  on  heating,  yields  the  salt  as  a 
sublimate  of  white,  acicular  crystals.  A  watery  solution  is  obtained 
by  digesting  a  mixture  of  i  part  granulated  zinc,  3  parts  of  iodine,  and 
10  parts  of  water.  When  the  watery  solution  is  evaporated  in  a 
vacuum  it  yields  the  salt  in  octahedral  crystals. 

Properties. — Zinc  iodide  occurs  as  a  white,  granular  powder,  odor- 
less^  and  having  a  sharp,  saline^ndjmefalHc  tast^^  It  is" very  deliques- 
cent, and,  when  exposed  to  the  air,  first  liquefies,  and  then  absorbs 
oxygen,  with  liberation  of  iodine  and  the  production  of  a  brown  color. 
Water,  alcohol,  and  ether  readily  dissolve  it.     The  aqueous  solution 
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reddens  blue  litmus  paper.  On  the  application  of  heat  to  zinc  iodic 
it  meTts  at  about  440*^,  and  at  a  higher  temperature  it  sublimes  with  soir 
decomposition,  forming  quadratic  needles,  and  leaving  a  residue  of  zir 
oxide. 

Zinc  iodide  has  some  use  in  medicipe. 

ZINC  AND  OXYGEN. 

/  Zinc  Oxide,  ZnO.    Zinci  Oxidum,  U.S. P. — Zincite,  or  red  oxide  ( 
^inc,  occurs  with  other  zinc  minerals  at  Mine  Hill,  New  Jersey.    Its  n 
color  appears  to  be  due  taaiiaiiganese. 

Zinc  oxide  is  prepared  on  a  large  scale  by  heating  the  metal  in  earthei 
ware  retorts;  the  vapors  in  contact  with  air  ignite,  and  are  conducte 
into  large  chambers,  where  deposition  of  the  oxide  takes  place.  Tl 
product  is  the  commercial  zinc  white.  "*^  For  pharmaceutical  purpos 
the  oxide  is  usually  prepared  by  heating  the  basic  carbonate  to  Ic 
redness,  when  the  following  reaction  takes  placei  T"^    s-'^b-v^o  4 

2ZnCOs.3Zn(OH)a  sZnO  2COa         -\  3HaO. 

Basic  Zinc  Carbonate.  Zinc  Carbon  Water. 

Oxide.  Dioxide. 

It  is  stated  that  a  temperature  of  280°  to  300°  is  sufficient  to  accoi 

.    plish  the  above  reaction ;  too  high  a  temperature  does  not  yield  as  sat 

^^v  factory  a  product.     The  oxide  was  formerly  known  as  Lana  Philosophic 

\     N ihilun±_ Album  and  Nj^x  Alba.  "^ "" 

N.        Properties. — Zinc  oxide  is  a  white,  amorphous  powder,  without  od 

j      or  taste.     It  is  insoluble  in  water  or  alcohol,  but  is  soluble,  witho 

3«      effervescence,  in  dilute  acids ;   it  is  also^lUole  in  ammonia  water  ai 

^  ■      in  solution  of  ammonium  carbonate.     When  heated  zinc  oxide  becom 

^^      yellow  in  color.     It  is  practically  infusible,  but  in  a  stream  of  oxygen, 

very  high  temperatures,  it  becomes  crystalline  in  character.     On  e 

posure  to  the  air  it  gradually  absorbs  carbon  dioxide. 

Uses. — Zinc  oxide,  when  ground  with  oil,  is  extensively  used  as 
^aint.  It  has  the  advantage  of  not  darkening  inlhe  presence  "of  suTpH 
compounds.  It  is  also  less  injurious  to  the  workmen.  It  is  one  of  t 
most  economical  and  satisfactory  compounds  from  which  to  prepare  t 
various  salts  of  zinc,  and  is  considerably  used  in  medicine. 

The  production  of  zinc  bxidein  the  United  States  in  1904  was  63,3 
tons,  valued  at  $4,808,482. 

Zinc  Hydroxide,  Zn((^H)2,  is  obtained  as  a  white  precipitate  when  sodium 
ix)tassiiim  hydroxide  is  added  to  a  S(ilution  of  zinc  sulphate.  It  is  readily  soluble 
excess  of  the  reagent,  forming  zincates,  as  Zn(ONa)2. 

When  the  above  zincate  solution  is  l>oiled  the  hydroxide  is  thrown  down. 

On  immersing  a  strip  of  zinc  in  ammonia  water  the  hydroxide  is  slowly  deposi' 
in  the  form  of  rhombic  prisms. 

Zinc  Dioxide,  ZnOg. — A  mixture  of  zinc  dioxide  and  zinc  oxide  or  hydroxide  c 
taining  from  50  to  60  per  cent,  of  the  dioxide  is  obtainable  and  is  known  un 
the  commercial  name  of  Zinc  Peroxide.  It  contains  from  8  to  10  per  cent,  of  av; 
able  oxygen  and  is  used  in  surgical  practice. 
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OXYGEN  SALTS  OF  ZINC. 

Zinc  Sulphate,  ZnSO,.7H20.  Zinci  Sulphas,  U.S.P.— Under  the 
name  of  white^jotriol^ this  salt  was  known  in  the  fifteenth  century.  It 
was  prepared  by  lixiviation  of  roasted  zinc  blende,  a  process  which  is 
used  on  the  large  scale  at  the  pre'senr^me.'  "^^'^^ 

The  sulphate  is  also  made  by  dissolving  the  metal  or  zinc  white  in 
idilute  sulphuric  acid,  and  ourif vine  by  recrystallization:    . 

^  ^-^     ZnO         +       '4lsiS04         -         ZnS04  f  H2O.       -^ 

Zinc  Sulphuric  Zinc  Water. 

Oxide.  Acid.  Sulphate. 

Of  course  an  indefinite  amount  of  water  is  used  in  this  reaction. 

Properties. — Zinc  sulphate,  containing  7  molecules  of  water  of  crystal- 
lization, occurs  in  colorless,  transparent,  rhombic  crystals,  without  odor, 
and  with  an  astnngent.  metallic  taste.  The^crystals  effloresce  in  dry 
,;  air.  The  salt  is  soluble  in  0.53  j)art  ofjwater  at  25°,  and  in  0.2  part  of 
boiling  water,  also  soluble  in  3  parts  of  glycerin,  but  insoluble  in  alcohol. 

It  melts  in  its  water  61  crystaliTzation  wfierT rapidly  heated,  'and  may 
be  partly  decomposed  at  higher  temperatures.  On  applying  heat 
gradually,  5  molecules  of  water  are  driven  off  at  50®  (31.3  per  cent.) 
<  without  melting.  At  100®  the  sixth  is  lost,  and  at  no®,  in  a  current  of 
[^  dry  air,  the  salt  becomes  anhydrous.  It  loses  6  molecules  of  water  in 
a  vacuum.  Monoclinic  crystals,  containing  only  6  molecules  of  water, 
may  be  obtained  by  having  crystallization  take  place  from  concentrated 
solutions  and  above  30°.  A  salt  having  the  composition  ZnSO^.H^O 
may  also  be  obtained  from  the  hot,  concentrated  solution.  The  aqueous 
solution  p.ljsiac  sulpjiate  has  an  .acid  reartion,  Basic  salts  may  be  ob- 
tained by  boiling  concentrated  solutions  of  zinc  sulphate  with  metallic 
zinc  or  with  zinc  oxide. 

Uses. — Zinc  sulphate  is  used  in  medicine;  in  small  doses  as  a  tonic 
and  astringent,  in  larger  doses  as  an  emetic.  It  has  the  property!*  com- 
mon to  all  the*  other  zinc  salts,  of  acfmg  as  an  irritant  poison  in  large 
doses.     This  salt  is  also  used  in  finishing  cotton  goods. 

Zinc  Nitrate,  Zn(N08)8.6H80,  forms  deliquescent  crystals  when  i  part  of  zinc 
oxide  is  dissolved  in  6.5  parts  of  nitric  acid  of  25  per  cent,  strength.  The  process 
by  which  the  metal  is  dissolved  in  nitric  acid  is  not  employed,  smce  a  part  of  the 
acid  is  decomposed  and  lost  in  the  reaction.  The  crystals  of  zinc  nitrate  form  in 
colorless,  striated,  four-sided  prisms,  very  soluble  in  water  and  in  alcohol.  When 
heated, the  salt  loses  nitric  acid  and  becomes  converted  into  a  basic  nitrate. 

Ziitc  Hyf>ophosphite,  Zn(HaPOa)a.HaO,  is  formed  by  dissolving  zinc  oxide  in 
hypophospnorous  acid  and  evaporating.  It  forms  in  permanent,  rhombohedric 
crystals. 

Zinc  Phosphate,  Zna(P04)a.4H20,  is  obtained  as  a  white,  nearly  insoluble  pre- 
cipitate, by  the  addition  of  sodium  phosphate  solution  to  a  solution  of  zinc  sulphate : 

2NaaHP04     4      3ZnS04      -     Zns(P04)a     +     2NaaS04      f     HaS04. 

fhis  precipitate   is  gelatinous  when  first  formed,  but   becomes   crystalline   on 
standmg. 

Zinc  Arsenite,  Zn(As08)8»  and  Zinc  Arsenate,  Zns(As04)a.3HaO,  are  known. 
The  latter  in  many  respects  resembles  the  phosphate. 


•    .  ^yvrj-^^"^""^^^ 
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Zinc  Silicate,  ZngSiOi,  occurs  native  as  willemite,  and  the  same  compouaiL 
with  I  molecule  of  water,  occurs  as  silicious  calamine. 

Zinc  Carbonate.     Zinci  Carbonas  Prsecipitatus,  U.S.P. — This  com- 
pound is  officially   defined  as   "an  impalpable  powder,   of  somewhat' 
V  variable  chemical  composition."     The  true  carbonate,    ZnCOj,  occutb 
\'    }   native  as  zinc-spar,  in  hexagonal  prisms,  and  massive  as  smithso: 
r^    hardly  to  be  distinguished  fromj:aIamine7    It  may  be  prepared  by  pre- 
cipitating a  solution  of  zinc  sulphate  in  the  cold  with  a  solution  of  add 
potassium  carbonate  in  excess. 

The  official  basic  carbonate  is  not  of  constant  composition,  but  is 
generally  expressed  as  consisting  of  2  molecules  of  normal  zincj  carbonate 
and  3  molecules  of  zinc  hydroxide,  2ZnC0^.3Zn(OH)2.  v*w^  O^  ^vS 

e  is  dissolved  in  10  {j^ins  of 


To  prepare  it,  i  part  of  sodium  carbonate 
water  and  heated  to  the  boiling  point;  to  it  is  then  added,  in  a  thin 
stream  so  as  not  to  interfere  with  the  boiling,  a  solution  of  i  part  of  zinc 
sulphate  in  10  parts  of  water.  The  proportions  should  be  such  that, 
after  all  the  zinc  solution  has  been  added,  the  mixture  has  a  weak,  alka- 
\  ..-^    line  reaction.     The  following  expresses  the  reaction  which  occurs: 


•c 


;     S(ZnS04.7H80)      +      sCNasCOs.ioHaO) 

Zinc  Sulphate.  Sodium 

Carbonate. 

3CO5, 

Carbon 


2ZnC08.3Zn(OH)a      --     sNa^ 

Basic  Zinc  Carbonate.  Sodloi 


+ 


82HaO. 
Water. 


Snlphitt 


Dioxide. 


The  precipitate  is  first  washed  with  hot  water  by  decantation,  and 
afterwards  collected  on  a  filter  and  washed  with  hot  water  until  the 
washings  cease  to  give  a  reaction  with  barium  chloride. 

Properties.-  Basic  zinc  carbonate  is  an  impalpable,  amorphous 
_gowder,  permanent  in  the  air,  and  almost  absolutely  insoluble  in  water 
o£  aR'Ohbl ;  dilute  acids,  ammonia  water,  and"  solution  of  ammonium 
carbonate  dissolve  it  freely.  It  is  also  soluble  in  water  containing  car- 
bon dioxide.  At  about  300°  the  salt  loses  water  and  carbon  dioxide, 
and  is  converted  into  zinc  oxide,  which  is  yellow  while  hot,  but  becomes 
white  when  cold. 

Zinc  Sidphidcy  ZnS. — Zinc  blende  is  found  native  in  crystals,  belonging  to  the 
regular  system,  or  massive.  The  color  varies  from  a  light  brown  to  a  deep  black, 
de|)ending  on  the  amount  of  iron  present.  It  is  also  rarely  found  in  nature  as  the 
mineral  wurtzite.  in  hexagonal  prisms. 

When  hydrogen  sulphide  is  passed  into  a  neutral  solution  of  a  zinc  salt,  the  sul- 
phide is  formed  as  a  white,  amorphous  precipitate.  This  may  be  converted  into 
hexagonal  crystals  by  heating  in  a  current  of  hydrogen,  or  when  zinc  oxide  is  heated 
in  a  current  of  hydrogen  sulphide. 

Zinc  sulphide  is  soluble  in  the  dilute  mineral  acids,  but  insoluble  in  acetic  acid. 

Zinc  Phosphide,  Zn^P.,,  is  obtained  as  a  gray  mass  by  heating  powdered 
zinc  in  the  vapor  of  phosphorus.     It  should  be  preserved  in  small,  glass- 
stoppered  vials.     Zinc  phosphide  is  a  gritty  powder  of  a  dark  gray  color, 
or  crystalline  fragments  of  a  dark,  metallic  lustre,  arid" ha^nglTfaint 
odor  and  taste  of  phosphorus.     In  contact  with  the  air  it  slowly  emits 
phosphorus  vapor. 
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Uses. — Zinc  phosphide  is  employed  in  medicine.  Its  physiological 
properties  so  closely  resemble  those  of  phosphorus  that  it  is  used  as  a 
convenient  method  of  administering  that  element. 

CADMIUM. 

Symbol^  Cd.  Atomic  Weight,  111.6.  Valence,  II. 

History. — Cadmium  was  discovered  in  181 7  by  Stromeyer  of  GOttingen.  Her- 
mann of  SchOnebeck  discovered  it  independently  and  at  about  the  same  time. 

Occurrence. — Cadmium  is  found  in  small  quantity  in  a  number  of  zinc  ores, 
and  chiefly  as  sulphide.  The  fibrous  zinc  blende  found  at  Przibram,  Bohemia, 
contains  from  2  to  3  per  cent,  of  cadmium.  The  rare  mineral  greenockite  consists 
almost  entirely  of  caamium  sulphide.  It  is  found  at  Bishopstown,  in  Scotland, 
at  the  Ueberoth  zinc  mine  near  Friedensville,  in  Pennsylvania,  and  at  Granby 
and  Joplin,  Missouri. 

Preparation. — In  the  preparation  of  zinc  from  ores  which  contain  cadmium 
the  latter  metal  distils  nrst,  and  by  saving  this  first  portion,  mixing  it  with  coal 
and  distilling  it  at  the  lowest  possible  temperature,  a  distillate  is  obtained  very 
rich  in  cadmium,  while  the  zinc  remains  behmd.  This  is  rendered  possible  by  the 
boiling  point  of  cadmium  being  260°.  while  that  of  zinc  is..  940^.  Tne  cadmium  is 
finally  separated  from  the  zinc  by  dissolving  in  hydrochloric  acid,  having  the  latter 
in  slight  excess,  and  passing  in  hydrogen  sulphide;  the  cadmium  sulphide  is  pre- 
cipitated, while  the  zmc  remains  m  solution  in  the  presence  of  the  free  acid.  The 
cadmium  sulphide  is  dissolved  in  hot  concentrated  hydrochloric  acid  and  the  cad- 
mium precipitated  as  carbonate  by  an  excess  of  solution  of  ammonium  carbonate, 
by  which  means  the  copper  and  arsenic  are  retained  in  solution.  The  cadmium 
carbonate  is  washed,  dried,  and  converted  by  heat  ifito  cadmium  oxide,  which,  by 
distillation  with  coal,  yields  the  metal. 

Properties. — C^admium  is  usually  found  in  commerce  in  sticks.  It  is  a  white, 
lustrous  metal,  with  a  fibrous  fracture.  When  pure  it  is  malleable  and  ductile.  Its 
specific  gravity  is  8.6  to  8.7.  It  melts  at  320.7**,  and  boils  at  770°.  When  heated 
with  access  of  air  it  burns,  giving  off  a  brown  vapor.  Most  of  the  acids  dissolve  it 
readily.  Its  salts  are  colorless.  In  many  of  their  properties  the  salts  of  cadmium 
are  identical  with  those  of  zinc. 

COMPOUNDS    OF    CADMIUM. 

Cadmium  Chloride,  CdCla.aHgO,  Cadmium  Bromide,  CdBra.4HaO,  and  Cadmium 
Iodide,  Cdls,  are  colorless,  soluble  salts,  which  are  prepared  similarly  to  the  cor- 
responding zinc  salts.  The  chloride  is  made  by  dissolving  the  metal  or  oxide  in 
hyarochloric  acid,  while  the  bromide  and  iodide  are  prepared  by  digesting  the 
metal  with  bromine  and  iodine  respectively  in  the  presence  of  water.  These  salts 
are  moderately  soluble  in  alcohol,  easily  soluble  in  water,  but  not  deliquescent. 
They  form  double  salts  with  the  salts  of  the  alkalies,  and  cadmium  potassium  iodide, 
CdIs.2KI.2H2O,  is  a  useful  reagent  for  alkaloids.  Cadmium  iodide  has  some  use  in 
photography. 

Cadmium  Oxide,  CdO,  forms  as  a  brown,  infusible,  amorphous  powder,  when 
cadmium  is  burned  in  the  air,  or  by  ignition  of  the  carbonate  or  nitrate. 

Cadmium  Hydroxide,  Cd(OH)2,  is  prepared  by  precipitation  of  a  soluble  cad- 
mium salt,  by  potassium  or  sodium  hydroxide.  It  forms,  when  collected  and  dried, 
a  white,  amorphous  powder,  which  at  300**  loses  water  and  is  converted  into  oxide. 

Cadmium  Sulf>hate,  CdS04. — This  salt  was  official  in  the  Pharmacopoeia  of  1870, 
but  since  that  time  it  and  the  other  salts  of  cadmium  have  practically  ceased  to 
have  any  use  in  medicine.  To  prepare  this  salt,  10  parts  of  cadmium  in  small 
pieces  are  placed  in  a  porcelain  aish  with  10  parts  of  pure  sulphuric  acid  and  40 
parts  of  water.  The  mixture  is  warmed  until  solution  is  effected,  and  the  solution 
IS  filtered  and  evaporated  to  crystallize.  On  account  of  the  slowness  with  which 
sulphuric  acid  acts  on  cadmium,  the  metal  is  sometimes  first  dissolved  in  nitric 
acid,  and  the  hydrate  is  precipitated  from  the  resulting  nitrate  by  sodium  hydrate, 
and  then  dissolved  in  the  sulphuric  acid. 

Properties. — Cadmium  sulphate  crystallizes  in  large,  colorless,  monoclinic 
crystals,  having  the  composition  3CdS04.8H20.  They  are  permanent  in  the  air, 
easily  soluble  in  water,^and  the  aqueous  solution  has  an  acid  reaction.     The  sul- 
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phates  of  the  alkalies  and  of  the  alkaline  earths  yield  with  cadmium  stilphate  well- 
crystallized  double  salts.    It  has  been  used  as  an  astringent  in  diseases  of  the  eye. 

Cadmium  Nitrate,  Cd(N08)2.4H80,  is  obtained  by  dissolving  the  metal  in  ni- 
tric acid.  It  crystallizes  in  fibrous  needles,  which  are  very  deliquescent  and  are, 
therefore,  very  soluble  in  water;  soluble  also  in  alcohol. 

Cadmium  Carbonate. — The  normal  salt  CdCOa  appears  not  to  be  known.  The 
basic  salt  is  obtained  by  precipitating  solution  of  cadmium  sulphate  with  sodium 
carbonate.  It  has  a  vanable  composition,  and  in  other  respects  resembles  the 
corresponding  zinc  salt. 

Cadmium  Sulphide,  CdS,  is  obtained  as  a  yellow  powder,  insoluble  in  hydrochloric 
acid.    It  is  used  as  a  pigment  under  the  names  of  King's  yellow  and  jaune  brillant. 


CHAPTER    IV. 

THE    SILVER    GROUP. 

SILVER  (Argentum). 
Symbol,  Ag.  Atomic  Weight,  107.12.  Valence,  I. 

History. — Silver  was  one  of  the  earliest  known  metals.  It  was  the 
LuttdjOT  Diana  of  the  alchemists. 

Occurrence.-*— Native  silver  is  found  to  some  extent;  large  masses 
have  been  found  in  Norwav.  in  Peru,  and  in  Western  Unil^^fi  States  In 
the  ,_Lake  Superior  district  it  occurs  associated  with  copper,  but  not 
alloyed  with  it,  wRicH  poTnts^tdtliefaCf'ttiat "deposition  has  taken  place 
from  solution.  In  combination  silver  occurs  most  abundantly  as  sul- 
phide, argentite,  or  silver  glance,  Ag^S.  In^other  minerals  it  is  associated 
with  lead,  copper,  antimoliyT  gold,  and  mercury.  The  rarer  Irninerals 
containing  silver  are  the  combinations  of  it  with  the  halogens,  chlorine, 
bromine,  and  iodine;  the  compound  with  chlorine  is  known  as  horn 
silver.  Small  quantities  of  silver  occur  in  nearly  nil  ^^^^  ores,  and  al- 
tKoiigh  the  amount  appears  to  be  small,  nevertheless  the  quantity 
extracted  from  this  source  is  very  considerable.  Silver  ^curs  in  ooq 
-3Hater,  and  in  the_ash.of  some  land  plants. 

Extraction. — Metallic  silver  is  extracted  from  its  ores  by  several 
different  processes,  the  most  important  of  which  are:  (i)  The  Cupella- 
tion  Process,  (2)  Tlie  Amalgamaiion  Process,  (3)  Extraction  in  itie  Wet 
Way,  (4)  Electrolytic^ Process. 

"X^l  T^he  CupeUdiidh'Prbcess  is  the  oldest,  and,  with  modifications  to 
suit  the  ores  in  different  localities,  it  is  still  in  use.  It  is  employed  in 
the  separation  of  silver  from  lead.  When  the  lead  is  sufficiently  rich 
in  silver  it  is  cupelled  at  once,  but  oftener  it  is  necessary  first  to  remove 
the  large  excess  of  lead ;  this  is  accomplished  by  the  Pattir^son  process, 
which  consists  in  melting  the  lead  in  an  iron  vessel  and  allowing  it  to 
cool  slowly.  Crystals  of  pure  lead  first  separate,  which  are  constantly 
removed  by  perforated  ladles,  and  this  is  continued  until  but  one-third 
of  the  metal  in  the  pot  remains.  If  then  it  is  sufficiently  rich  in  silver  it 
is  removed  and  cupelled.  Instead  of  removing  the  excess  of  lead  by 
Pattinson's  process,  the  metal  may  be  melted  and  zinc  added  in  about 
the  proportion  of  18  parts  of  zinc  for  every  i  part  of  silver  present.  The 
zinc  alloys  with  the  silver,  rises  to  the  top,  and  may  be  removed  as  a 
solid  cake.  This  cake  is  then  heated  to  redness  in  a  current  of  air,  by 
which  the  zinc  is  oxidized,  and  may  be  removed  from  the  silver  by  wash- 
ing with  water. 

.  The  alloy  of  silver  and  lead  obtained  in  the  above  processes  is  fused 
on  the  hearth  of  a  reverberatory  furnace,  the  bottom  of  which  is  covered 
with  bone-ash  or  with  a  kind  of  clay.     Such  a  furnace  is  shown  in  section 
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in  Fig.  119.  F  is  the  furnace,  A  the  hearth,  a  a  entrances  fgr  the  blas^ 
of  air,  and  b  the  working  door.  ^  rapid  current  of  air  is  Intrtdiiced  over 
^Jie  molten  metal  on  the  hearth,  by  whidfTttglpad  is  nxidi zed,  and  either 
flow5''afftfirougir  lateral  openings  or  is  skimmed  off  by  workmen  through 
the  door  h.  Towards  the  end  of  the  operation,  the  temperature  is  raised 
from  a  dark-red  to  a  cherry-red  heat,  the  surface  of  the  metal  is  covered 
with  iridescent  films,  but  at  last  they  disappear,  and  the  metal  then 
takes  on  the  brilliant  silver  appearance  known  as  fulguraiion.     Fig. 


ISO  shows  an  exterior  view  of  the  same  furnace,  g  in  this  case  being 
the  working  door,  through  which  access  is  gained  to  skim  the  oxide  from 
the  metal. 

(2)  The  Amalgamation  Process  varies  .somewhat  according  to  the 
locality  Tn  which'  it  is  conducted.  That  formerly  employed  at  Freiberg 
consists  in  roasting  the  finely-ground  ore  with  common  salt,  onTTTe  l^oor 
of  a  reverbcratory  furnace;  the  mass  is  then  again  ground  very  fine, 
placed  in  a  cask  with  scraji-iron  and  water,  and  agitated  by  machinery. 
The  silver  ore  is  converted  into  chloride  in  the  roasting  process,  and  this 
reacts  when  brought  in  contact  with  the  iron  as  follows : 


lAgCl 


Fc 


FcCIb 


Ar>. 


The  silver  is  removed  from  the  mass  by  further  ajrifatinn  with  mi^rnii-^- , 
the  liquid  amalgam  is  strained  off  and  subjected  to  distillation,  which 
leaves  the  silver  as  a  porous  mass. 

A  modification  of  this  method  is  employed  in  the  United  States, 
where  it  is  known  as  the  Washoe  jirocess,  from  the  fact  that  it  origi- 
nated in  the  Washoe  district  of  Nevatla."  The  roasting  process  is  fre- 
quently omitted,  and  the  ores  are  intimatclv  ground  with  common  salt. 
copper  sulphate,  and  mercury.  Horses  or  mules  arc  sometimes  useS^n 
this  ojicration.  In  order  to  overcome  the  tendency  of  the  mercury  to 
remain  in  a  minute  state  of  subdivision,  termed  ftouriHg  or  sickening,  it 
is  frequently  first  amalgamated  with  about  2  per  cent,  of  sodium,  which 
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prevents  the  formation  of  mercuric  sulphide.  The  thoroughly  ground 
wet_and  slimy  mass. is  strained  through  bags.jind  the  amalgam_of  silver 
and  mercuryls  submitted  to~9istiila^oB7^' which  the  silver  is  obtained 
as  a  residue^  '  " 

The  Mexican  process  is  even  more  crude  than  the  above,  owing  to  the 
scarcity  of  water  and  fuel.  The  same  mixture  of  ore,  water,  common 
salt,  copper  sulphate,  and  mercury  is  used;  the  mixing  is  almost  in- 
variably accomplished  by  mules,  with  intervals  of  allowing  it  to  stand, 
so  that  from  two  weeks  to  two  months  are  frequently  required  to  effect 
the  amalgamation  of  the  silver. 

(3)  Extraclion  in  the  Wet  Way  is  accomplished  according  to  Zier- 
vogel's  process,  by  roasting  tlic  ores,  which  usually  contain .  sulphBf^ 
iforTaMTOpper,  at  such  a  temperature  that  the  sulphates  of  iron,  copper. 


and  silver,  which  are  formed,  are  not  all  decomposed,  but  only  the  salts 
of  iron  and  copper.  The  mass  is  then  lixiviated  with  water,  which  dis- 
solves the  silver  sulphate  and  leaves  the  insoluble  oxides  of  iron  and 
copper  behind.  The  silver  is  removed  from  the  solution  by  precipitation 
with  metallTcTirppcr.-J.  A  modification  of  this  process  coiisists  in  roasting 
with  common  salt,  whereby  silver  chloride  is  formed,  and  is  washed  out 
from  the  mass  by  a  solution  of  sodium  thiosulphate ;  from  this  solution  the 
silver  is  precipitated  as  sulphide  by  sodium  sulphide,  and  the  silver  sulphide 
is  reduced  to  metal  by  heating  to  a  high  temperature  in  a  current  of  air. 

f4)  X^  Electrolytic  Process. — ^This  method  is  used  to  separate  silver 
from  the  hatiye  copper  and  copper  oxide  with  which  it  occurs.     The 
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two  poles,  one  of  native  CQ22g£  oxide^^uO,  and  the  other  of  native 
copper,  are  immersed  in  a  bath  oC^acjd  copper  sulphate,  and  a  strong 
current  from  a  dynamo  is  sent  througfi-tfee-^oiutibn,  whereby  the  noble 
metals  are  dissolved  from  the  copper  oxide  and  deposited  on  the  anode 
in  powder. 

Preparation  of  Pure  Silver. — The  metal  obtained  by  the  above 
processes  is  still  contaminated  with  copper,  and  sometimes  also  with 
gold  and  platinum.  To  effect  its  purification,  it  is, dissolved  in  nitric 
acid,  which  leaves  gold  undissolved,  and  from  this  filtered  solution  the 
silver  is  precipitated  by  h^drocjiloric  acid.  The  washed  and  dried 
chloride  is  fusefl  with  an  excess  of  sodium  carbonate,  and  the  pure  metal 
collects  at  the  bottom  of  the  crucible.  •  - 

Another  method  consists  in  reducing  the  chloride  _by  laying  it  on 
plates  of  zinc  and  covering  it  with  dilute  hydrochloric  acid.  The 
metal  is  thereby  obtained  in  a  finely-divided  state,  in  which  form  it 
has  some  uses  in  the  laboratory. 

Properties. — Silver  is  a  pure  white,  lustrous  metal,  capable  of  taking 
a  High  polish.  In  some  conditions,  for  instance  that  in  which  it  is 
obtained  from  some  organic  silver  salts,  it  has  a  white,  porcelain-hke 
color,  owing  to  the  roughness  of  its  surface,  and  is  devoid  of  lustre. 

The  native  silver  is  sometimes  found  in  small  crystals  of  the  regular 
system.  Of  all  the  metals  silver  is  the  best  conductor  of  heat  and  electric- 
ity. In  hardness  it  stands  between  copper  alid  gold.  In  "malleability 
and  ductility  it  is  inferior  only  to  gold;  it  has  been  beaten  into  leaf 
0.00025  millimeter  in  thickness,  and  drawn  into  wire  of  such  fineness 
that  180  meters  weigh  o.i  gramme.  In  very  thin  films,  as  when  deposited 
on  glass  from  solution,  it  transmits  blue  light.  Ordinarily  the  specific 
gravity  of  silver  is  io.424rbirt  when' distilled  it  has  a  specific  gravity  of 

10-575. 
Silver  fuses  at  a  temperature  of  954°C.,  and  at  an  intense  white  heat, 

such  as  is  obtained  from  the  oxyhydrogcn  lamp,  it  distils.     When  melted 

in  air,  pure  silver  absorbs  22  times  its  volume  of  oxygen,  whicif  it  gives 

out  again  at  the  moment  of  solidification ;  this  is  sometimes  accompanied 

with    the  projection  of  small  particles  of  the  metal,  and  is  termed  the 

spitting  of  silver.  ' 

When  exposed  to  the  atmosphere  or  to  water,  silver  remains  unchanged, 
but  in  the  presence  of  a  small  quantity  of  ozone  it  becomes  coated  with 
a  thin  layer  of  oxide.  The  darkening,  which  sometimes  takes  place  wTien 
silver  is  exposed  to  the  air,  is  due  to  small  quantities  of  hydrogen  sulphide. 

Nitric  acid  is  the  best  solvent  of  silver.  The  compact  metal  is  "only 
slightly  attacked  by  hydrochloric  or  dilute  sulphuric  acid,  even  at  the 
boiling  temperature. 

Concentrated  sulphuric  acid  dissolves  silver  with  evolution  of  sulphur 
'dioxide  and  formation  of  silver  sulphate. 

The  alkalies  have  little  or  no  action  on  silver;  potassium  or  sodium 
hydroxide  may  be  fused  with  it,  and  fused  potassium  nitrate  has  but 
little  action  upon  it. 
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Besides  the  compact  metallic  silver,  we  can  obtain  molecular  silver 
as  a  fine  powder  by  reducing  freshly  precipitated  silver  chloride  with 
f orme^ldfihjidfi  in  the  presence  of  potassium  carbonate,  and  colloidal  silver 
by  heating  to  ioo°  silver  citrate  in  a  current  oj  hydrogen  or  by  passing 
an  electnc  current  oet^een  silver  electrodes  in  water.  It  dissolves 
in  water,  forming  a  red  solution  which. does  not  dialyse,  hence  viewed 
as  a  colloid.     Both  forms  are  converted  into  ordinary^ silver  by  fusion. 

Uses. — The  pure  metal  is  used  to  prepare  the  salts /^^  P^^^^,  and  in 
the  manufacture  of  pertain  utensils  for  pharmaceutical  a.nd  rhpmira] 
purposes,  as  crucibleSj  dishes,  wire*  foil,  etc.  For  many  of  the  purposes 
to  which  silver  is  applied  it  is  too  soft  to  resist  wear,  and  in  order  to 
increase  its  hardness  it  is  alloyed  with  copper  in  various  proportions. 
In  the  United  States,  France,  Germany,  and  Austria  the  proportion  of 
copper  is  lo  per  cent.,  and  such  an  alloy  is  used  in  those  countries  for 
coinage.     In  England  the  proportion  employed  is  7.5  per  cent,  of  copper. 

The  term  fitteness  applied  to  silver  indicates  the  parts  per  thousand 
of  pure  silver  in  the  alloy;  for  instance,  in  this  country  silver  coin  is 
spoken  of  as  *'  900  fine** ;  that  is,  90  per  cent,  silver  and  10  per  cent,  copper. 

Electroplating. — This  is  a  process  in  which  a  thin  layer  of  silver  is 
deposited  on  metallic  surfaces  by  electrolysis.  The  object  to  be  coated 
must  have  a  conducting  surface,  and  is  maHpj[|}ip  nf>pative  polf.;  a  bar 
of  silver  acts  as  the  positive  pole.  These  electrodes  are  placed  in  a 
solution  of  silver  cyanide  in  an  excess  nf^pnt^oi^^iri  ryur\\([^^  If  the 
object  to  be  coated  is  properly  cleaned,  the  silver  will  be  deposited  on  it 
as  a  coherent  layer;  at  the  same  time  cyanogen  is  liberated  at  the  posi- 
tive pole  and  dissolves  the  silver,  thereby  keeping  the  silvering  solution 
of  constant  strength. 

The  silvering  solution  used  in  electroplating  is  made  by  dissolving  i  1 
part  of  silver  nitrate  in  50  parts  of  distilled  water  and  mixed  with  a  Jj 
solution  of  5  parts  of  potassium  cyanide  in  20  parts  of  distilled  water.       ^ 

Silvering   on   Glass. — When  alkaUne  solutions  of  silver  salts  are  j 
mixed  with  certain  organic  compounds  like  grape-sugar,  Rochelle  salt,^ 
etc.,  the  silver  is  deposited  on  the  surface  of  the  vessel  in  which  it  is  Con- 
tained as  a  thin,  coherent  film.     The  following  process  will  yield  satis- 
factory results  if  the  glass  be  first  thoroughly  cleaned  with  alkali,  and 
then  washed  with  distilled  water: 

Dissolve  7.8  grams  of  silver  nitrate  in  60  c.c.  of  water,  and  divide 
the  solution  in  two  equal  portions.  Dissolve,  also,  3.1 1  grams  of 
Rochelle  salt  in  11 80  c.c.  of  water,  and  heat  the  solution  to  the  boiHng 
point.  Add  to  it  gradually  (so  as  not  to  stop  the  ebullition)  one  of  the 
portions  of  silver  solution,  boil  some  10  minutes  longer,  cool,  and  decant 
the  clear  liquid.  To  the  other  half  of  the  silver  solution  add  just  suffi- 
cient ammonia  water  to  dissolve  the  precipitate  which  is  first  formed,  or 
only  leave  a  faint  cloudiness;  then  add  360  c.c.  of  water  and  filter. 
Equal  portions  of  these  two  solutions,  when  mixed  and  poured  on  glass, 
will  deposit  a  brilliant  coating  of  silver  in  about  10  minutes,  according 
to  the  temperature  of  the  room.     The  coating  of  silver  shotild  then  be 
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well  washed,  dried,  and  varnished.     Plating  is  also  accomplished  by  a 
number  of  mechanical  processes. 

The  production  of  silver  for  the  year  1 904  in  the  United  States  amount- 
ed to  55,999,864  troy  ounces,  valued  at  $32,035,378. 

SILVER  AND  THE  HALOGENS. 

Silver  Qhloride,  Aj^Cl.  is  found  native  as  kerargyrite,  or  horn  silver, 
in  Mexico,  Peru,  Chili,  and  in  various  parts  of  Germany.  It  occurs  m 
crystaUT  of  tKe  regufar  system  or  in  pearl-gray,  translucent,  wax-like 
masses.     Sea  water  contains  a  small  quantity  of  silver  chloride. 


-  Preparation. — Pure  silver  chloride  is  prepared  by  precipitating  a  solution  of 
silver  nitrate  with  pure  hydrochloric  acid.  The  precipitate  is  of  a  more  or  less 
cheesy  consistence,  but  boiling  or  long  standing  causes  it  to  become  more  granular; 
it  is  collected  and  washed  until  the  washings  cease  to  have  an  acid  reaction.     The 


whole  process  should  be  conducted  with  exclusion  of  licrht.    . ,        <^ 

Properties. — The  Artificially -prepared    sfllt  is  a  white,  amorphous, 


ptete  as  to  make  the  chloride  the  best  salt  by  which  to  determine  silver 
quantitatively.  When  freshly  prepared,  it  is  readily  soluble  in  jaDJDiQIl- 
ium  hydroxide,  in  solutions  of  sodium  thiosulphate,  potassium  cyanide, 
and  concentratfid-mercuric  and  mcrcurous  nitrate.  On  the  application 
of  heat,  silver  chloride  melts  at  260°  to  a  thick,  yellow  liquid,  which 
becomes  a  tough,  solid  mass  on  cooling.  When  exposed  to  light  the  salt 
ra^djy.d^^rkens,  with  loss  of  chlorine.  Dry  silver  chloride  absorbs  at 
ordinary  temperatures  19  per  cent,  of  its  weight  of  gaseous  ammonia, 
forming  the  ammonio-silver  chloride,  AgCl,2NH.,,  a  white  compound, 
which  at  37.7°  gives  ofT  the  ammonia. 

Use. — Silver  chloride  finds  some  use  in  photography. 

Silver  Brortiide,  AgBr,  occurs  native  as  bromargyrite  in  Mexico  and 
Chili,  The  bromide  is  prepared  similarly  to  the  chloride,  by  precipi- 
tating silver  nitrate  with  hydrobromic  acid  or  potassium  bromide.  It 
has  a  faint  yellow  color,  and  has  the  solubilities  and  many  of  the  pro- 
perties of  the  chloride.  It  is  not  easily  soluble,  however,  in  ammonium 
hydroxide,  and  the  dry  bromide  does  not  absorb  ammonia;  an  am- 
monio-silver bromide  is  formed  by  allowing  the  ammoniacal  solution  to 
stand  for  some  time.     Silver  bromide  is  largely  used  in  photography. 

Silver  Iodide,  Agl. — ^This  salt  occurs  native  as  the  mineral  iodargvrite, 
in  Mexico,  Chili,  Spain,  and  Arizona,  in  the  form  of  thin,  sHghtly  elastic, 
hexagonal  tables. 

Preparation. — Silver  iodide  may  be  prepared  in  a  variety  of  ways,  by  direct 
union  of  the  elements,  by  dissolving  silver  in  hydriodic  acid,  etc.,  but  it  is  most 
readily  and  economicallv  obtained  by  adding  a  solution  of  potassium  iodide  to  one 
of  silver  nitrate,  eollerting,  washing,  and  drying  the  precipitate  without  exposure 
to  light,     it  should  l>e  preserved  in  dark  amber-colored  vials. 

Properties. — Silver  iodide  is  a  heavy,  yellowish,  amorphous  powder, 
without  odor  or  taste.    It  is  insoluble  in  water,  dilute  acids,  or  solution 
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^oL  saamonixmi  carbonate ;  soluble  in  2500  parts  of  stronger  ammonia 
water.  It  is  also  dissolved  by  an  aqueous  solution  of  potassium  cyanide, 
and  by  a  concentrated  solution  of  potassium  iodide. 

On  the  applicaton  of  heat,  silver  iodide  melts  at  400°  to  a  dark-red 
liquid,  which,  on  cooling,  congeals  to  a  soft,  yellow,  translucent  mass. 
The  dry  precipitated  compound  absorbs  12.68  per  cent,  of  ammonia 
gas,  forming  the  white  compound  AgI,2NH3,  which  on  exposure  to  air 
gives  off  ammonia  and  becomes  yellow. 

Like  the  chloride  and  bromide,  silver  iodide  has  considerable  use  in 
photography.  It  also  has  some  use  in  medicine,  probably  on  account 
of  the  claim  made  that  it  does  not  discolor  the  skin  like  the  other  silver 

Silver  Fluoride,  A^F,  is  obtained  by  dissolving  silver  oxide  or  carbonate  in  hy- 
drofluoric acid.    It  is  a  deliquescent  salt,  soluble  in  one-half  its  weight  of  water. 


SILVER  AND  OXYGEN. 

Silver  Suboxide,  AgiO,  Argentous  Oxide,  is  obtained  by  the  action  of  hydrogen 
on  certain  salts  of  silver,  preferably  the  citrate.  This  has  a  dark,  metallic  lustre, 
and  decomposes  on  heating  into  oxygen  and  silver. 

Silver  Oxide,  Agfi.  Argentic  Oxide,  Argenti  Oxidum,  U.S.P. — ^A 
solution  of  10  parts  of  silver  nitrate  in  100  parts  of  water  is  treated  with 
solution  of  sodium  hydroxide  so  long  as  a  precipitate  is  formed: 


2AgN08 

t         2NaOH 

AgaO 

Silver 

Sodium 

Silver 

Nitrate. 

Hydroxide. 

Oxide. 

2NaN03 

Sodium 
Nitrate. 


HaO. 
Water. 


The  precipitate  is  first  washed  by  decantation,  then  on  a  filter,  until 
the  washings  cease  to  give  reaction  for  nitric  acid,  and  finally  dried  in 
the  dark  at  ordinary  temperatures. 

Properties. — Silver  oxide  is  a  heavy,  dark-brown  or  black  powder, 
according  to  the  method  of  preparation ;  IHe  darker  product  is  obtained 
when  precipitation  has  taken  place  from  hot  concentrated  solutions,  or 
when  the  drying  has  been  conducted  at  temperatures  at  or  above  70°. 
It  is  slightly  soluble  in  water,  to  which  it  imparts  an  alkaline  reaction, 
insoluble  in  alcohol,  and  completely  soluble  in  nitric  acid  without  eflFerves- 
cence.  When  heated  to  250°  or  300°,  it  is  decomposed  into  metallic 
silver  and  oxygen.  '^^^ 

In  the  freshly  precipitated,  moist  condition  silver  oxide  is  more  active 
than  the  same  compound  after  it  has  been  dried  and  then  moistened. 
In  the  freshly-precipitated  state  it  decomposes  soluble  chlorides,  pre- 
cipitates oxides  from  many  metallic  salts,  and  absorbs  carbon  dioxide 
from  the  air. 

Silver  oxide  should  not  be  triturated  with  antimony  sulphide,  arsenic 

sulphide,  precipitated  sulphur,  amorphous  phosphorus,  tannin,  or  other 

easily  oxidizable  substances,  since  such  mixtures  readily  inflame.     Silver 

oxi(Je.^is^Qblhlfi_. in.  concentrated  solution  of  ammonia,  and  on  diluting 

this  solution  with  water,  black  crvstals  of  ammontosilver  oxide  (Ber- 
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thollet's  fulminating  silver)  separate;  these  on  drying  become  very  ex- 
plosive; for  this  reason  the  precaution  should  be  observed  not  to  bring 
silver  oxide  in  contact  with  ammonia. 

Silver  oxide  has  some  use  in  medicine,  but  its  greatest  value  is  as  a 
labofalqiYYeagent,  "where .  it  is""empioyed  in  the  freshly-precipitated 
COiiHitionr"''"     j:    .   .  I      1       ^ 

Silver  Peroxide,  AggOg,  is  also  known,  having  been  obtained  by  electrolysis  of 
the  nitrate  in  solution.  It  is  a  more  powerful  oxidizer  than  silver  oxide  and  de- 
tonates with  sulphur  or  phosphorus. 

OXYGEN   SALTS  OF  SILVER. 

Silver  Chlorate,  AgClOs,  is  prepared  by  dissolving  silver  oxide  in  chloric  acid. 
It  forms  small,  quadratic  crystals,  soluble  in  lo  parts  of  water. 

Silver  Bromate,  AgBrOs,  and  Silver  lodate,  AglOa,  are  difficultly  soluble  white, 
crystalline  precipitates,  obtained  by  treating  solution  of  silver  nitrate  with  potas- 
sium bromate  or  iodate. 

Silver  Sulphite,  AgaSOs,  is  obtained  as  a  white,  cheesy  precipitate  when  sulphur- 
ous acid  is  added  to  a  solution  of  silver  nitrate. 

Silver  Sulphate,  AgaSOi,  is  prepared  by  dissolving  silver  in  concentrated  sul- 
phuric acid,  or  by  adding  sulphuric  acid  to  an  alcoholic  solution  of  silver  nitrate. 

It  forms  in  small,  lustrous,  rhombic  crystals,  which  are  isomorphous  with  an- 
hydrous sodium  sulphate.  It  is  soluble  in  200  parts  of  cold  water  and  in  70  parts 
of  boiling  water;  insoluble  in  alcohol. 

Silver  sulphate  is  obtained  in  considerable  cjuantities  in  the  commercial  sepa- 
ration of  silver  from  gold  by  means  of  sulphuric  acid,  and  is  used  to  furnish  pure 
silver. 

Acid  Silver  Sulphate,  AgHSOi,  is  formed  by  dissolving  silver  sulphate  in  hot, 
concentrated  sulpnuric  acid,  and  allowing  the  solution  to  cool. 

Silver  Pyrosulphate,  AggSgO?,  results  when  silver  sulphate  is  heated  with  sul- 
phur trioxide. 

Silver  Thiosulphate,  AgaSgOa,  is  also  known. 

Silver  Nitrite,  AgN02. — On  siixing  warm,  concentrated  solutions  of  16  parts  of 
silver  nitrate  and  10  parts  of  potassium  nitrite,  a  crystalline  precipitate  of  silver 
nitrite  results. 

Silver  Nitrate,  AgNOg.  Argcnti  Nitras,  U.S. P. — Xbi§_  salt  was 
first  obtained  in  the  crystalline  form  by  Geber,  in  the  eighth  century. 
It  came  into  medical  use  in  the  seventeenth  century,  under  the  names 
of  magisterium  argenti,  crystalli  diancB,  and,  when  cast  into  sticks,  as  lapis 
infernal  is  and  lunar  caustic. 

A  pure  silver  should  be  selected  for  the  preparation  of  the  nitrate; 
that  made  from  the  sulphate  answers  this  purpose  very  well.  In  a 
capacious  porcelain  dish  3  parts  of  metallic  silver  are  mixed  with  10  parts 
of  nitric  acid  (containing  25  percent.  HNO3),  and  the  mixture  warmed 
until  the  reaction  begins.  In  case  the  silver  is  finely  divided,  the  action 
is  sufficiently  active  without  warming,  and  may  have  to  be  controlled 
by  the  addition  of  a  little  cold  water: 

3Ag     -      4HNO3  sAgNOa      .      2H2O     ^     NO. 

A  funnel  should  be  inverted  over  the  liquid  in  the  dish  to  prevent 
particles  of  the  acid  and  solution  from  flying  out,  and  when  the  action 
ceases,  the  silver  being  dissolved,  the  sides  of  the  funnel  are  rinsed  down 
with  distilled  water;  the  solution  is  filtered  through  glass  wool,  if  neces- 
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sary,  and  evaporated  on  a  sand-bath  to  dryness.  The  temperature  is 
then  raised  so  as  to  melt  the  salt  and  complete  the  escape  of  nitrous 
fumes,  which  is  soon  accomplished  when  the  salt  is  pure;  but  when  it 
contains  copper  nitrate  it  takes  somewhat  longer,  and  the  copper  is  con- 
verted into  insoluble  oxide,  as  follows:  ' 

a.  '       ^  Cu(N08)2     -_CuO     -{      2NOa     -j-     O. 

The  reaction  is  known  to  be  ended  when  there  is  no  further  evolution 
of  gas,  and  the  mass  becomes  dark  or  black  from  the  formation  of  the 
copper  oxide. 

The  fused  mass  is  dissolved  in  double  its  weight  of  water,  filtered 
through  a  small,  well-washed  filter,  and  set  aside  to  crystallize;  dust 
and  light  should  be  excluded  as  far  as  possible  during  the  operation.  In 
case  lunar  caustic  is  wanted,  the  fused  silver  nitrate  is  treated  with  a 
few  drops  of  nitric  acid  to  oxidize  any  nitrite,  and  after  a  few  moments 
miore  heating,  is  poured  into  polished  iron  moulds  such  as  are  used  in 
the  preparation  of  sticks  of  sodiiun  or  potassium  hydroxide  (see  Fig. 
^^7*  P-  3^i)-     It  is  preferable  to  have  such  moulds  gold-plated. 

Properties. — Silver  nitrate  occurs  in  colorless,  transparent,  tabular, 
rhombic  crystals,  permanent  in  the  air,  but  becoming  gray  or  grayish- 
black  on  exposure  to  light  in  the  presence  of  organic  matter.  It  is  with- 
out odor,  but  has  a  bitter,  caustic,  and  metallic  taste. 

The  salt  is  soluble  in  0.54  part  of  water  at  25°,  and  in  o.i  part  of  boil- 
ing water;  also  soluble  in  24  parts  of  cold  and  in  5  parts  of  boiling  alcohol 

On  the  application  of  heat,  the  salt  melts  at  about  200°  without  decom- 
position, and  on  cooling  forms  a  white,  crystalline  mass.  If  kept  for 
some  time  at  a  temperature  above  210°  it  begins  to  decompose  with 
formation  of  silver  oxide  and  silver  nitrite.  At  a  red  heat  decomposi- 
tion takes  place,  nitrous  fumes,  nitrogen,  and  oxygen  being  evolved  and 
metallic  silver  remaining.  The  aqueous  solution  of  silver  nitrate  is 
neutral  to  litmus. 

Solution  of  ammonia  added  to  a  solution  of  silver  nitrate  at  first  pro- 
duces a  precipitate  which  in  the  presence  of  a  larger  amount  of  the  reagent 
dissolves;  if  this  solution  then  be  allowed  to  evaporate,  rhombic,  pris- 
matic crystals  separate,  having  the  composition  AgN03,2NH3.  When 
heated  above  100°  they  melt,  evolving  nitrogen  and  ammonia,  leaving  a 
residue  of  ammonium  nitrate  and  a  mirror  of  metallic  silver. 

Uses. — Silver  nitrate  is  largely  used  as  a  laboratory  reagent  and  in 
photography.  It  also  has  considerable  use  in  medicine  as  a  cautery,  its 
employment  internally  being  limited;  when  used  internally  for  some 
time  it  produces  a  peculiar  bronze  coloration  of  the  skin. 

For  external  use  there  are  two  preparations  of  silver :  Argenti 
Nitras..Pjiaus^U.S.P.,  and  Argenti  Nitras  Mitigatus,  U.S.?.,  which 
are  usually  employed.  The  fused  nitrate,  orTwwar  caustic,  contains  a 
small  quantity  of  silver  chloride  in  order  to  toughen  it;  this  is  accom- 
plished by  adding  to  100  grams  of  the  salt  4  grams  of  hydrochloric  acid, 
melting  the  mixture  at  as  low  a  temperature  as  possible,  and  pouring  into 
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suitable  moulds.  The  diluted  silver  nitrate,  oxjnittgaled  caustic^  is  ib 
by  melting  at  the  lowest  possible  temperature  30  grams  dr"5!tVer  nit 
and  60  grams  of  potassium  nitrate,  and  casting  in  suitable  moulds. 

Silver  Phospliatc,  AgaPOi,  is  obtained  when  the  normal  sodium  phosphat 
the  disodium  hydrogen  phosphate  is  added  to  a  solution  of  silver  nitrate.  It 
yellow,  amorphous  compound,  insoluble  in  water. 

Compounds  of  silver  with  pyrophosphoric  acid  and  with  metaphosphoric 
are  also  known. 

Silver  Carbonate,  AggCOa,  is  obtained  by  adding  sodium  carbonate  to  s 
nitrate  solution,  collecting  and  washing  the  precipitate.  It  is  a  yellow,  ai 
phous  powder,  insoluble  in  water. 

Silver  Sulphide,  AeaS.  is  found  native  as  argentitc  or  vitreous  silver,  in  gra; 
black  crystals  of  the  regular  system.  It  can  be  obtained  artificially  by  ign 
silver  chloride  in  a  current  of  hydrogen  sulphide. 

Much  of  the  so-called  oxidized  silver  is  coated  with  a  thin  layer  of  sulphide, 
tained  by  heating  together  silver  and  solution  of  |>otassium  sulphide.  A  1 
permanent  result  is  obtained  by  coating  the  silver  with  platinic  cnloride  solu' 
In  both  cases  considerable  washing  and  polishing  ar&  necessary  to  get  a  good  re 


GOLD    (Aurum). 

wl,  Au.  Atomic  Weight,   195.7.  Valence,  I,  III. 

History. — Gold  has  been  known  from  the  earliest  times.  On  accc 
of  its  scarcity,  its  color,  and  its  stability  in  contact  with  air,  it  early 
came  an  important  metal  from  which  to  make  jewelry,  certain  housel 
utensils,  and  money. 

Occurrence. — Gold  is  very  widely  distributed  in  nature,  but  alw 
in  small  quantities.  It  is  ordinarily  found  in  the  free  or  uncombi 
state;  rarely  it  is  found  amalgamated  with  mercury  or  combined  \ 
tellurium. 

In  the  free  state  it  is  frequently  in  a  crystalline  condition,  the  c 
moncst  forms  being  the  octahedron  or  tetrahedron ;  occasionally  the  e 
gated  forms  of  these  give  it  the  appearance  of  being  acicular. 

The  native  dej^osits  arc  usually  in  veins  of  qujxtz,  although  the  uj 
source  of  the  metal  is  in  alluvial  soils  resulting  from  the  disintegra 
of  the  rocks  in  which  it  was  imbedded.  It  is  found  in  the  sand  of  n 
rivers  and  in  sea  water. 

Gold  is  rarely  found  in  a  pure  condition,  it  being  usually  mixed  t 
silver,  and  more  rarely  with  copper,  iron,  and  platinum;  when  it  ( 
tains  more  than  36  per  cent,  of  silver  it  is  termed jelect rum. 

The  principal  localities  in  which  gold  is  found  in  sufficient  quan 
to  extract  are  the  gold-fields  of  western  United  States,  Alaska,  Austn 
Siberia,  Transylvania,  Brazil,  Xcw  Zealand,  and  South  Africa. 

The  United  States  in  1904  ])roduced  4,090,176  troy  ounces,  valuec 
$84,551,300.     This  was  not  far  from  24  per  cent,  of  the  output  of 
whole   world. 

Extraction. — Most  t»f  the  i^old  is  obtained  by  a  process  of  levigation,  in  w 
sand  and  alluvial  deposit  fn)in  ^^old-bearinj^;  rocks  are  washed  with  water, 
lighter  |>ortions  being  allowed  to  run  c;fT,  while  the  heavier  portions,  with  the  { 
remain  and  are  intimately  mixed  with  mercury,  so  that  an  amalgam  of  gold 
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jgrcury  is  formed,  from  which  the  latter  is  distilled.  This  is  a  very  brief  outline 
fthe  process,  which  has  innumerable  moditications;  for  instance,  it  may  be  car- 
ied  out  by  one  man  with  a  pan,  when  it  is  ikiTmcd^£a/izm^slting;  or  a  little  more 
laborate  apparatus  majr  be  employed,  requiring  the  attention"  of  four  men,  when 
:  is  teTmed^radle-washtn^;  or,  finally^  hydra tUtc  mining,  may  be  used.  The  last 
onsists  in  waSKTngfTargTquantities  of  earth  by  means* of  water  brought  from  higher 
ituations  in  the  mountains,  so  that  enormous  quantities  may  be  employed.  The 
rater  and  earth  are  run  through  a  long  series  of  troughs,  cut  in  the  rock,  and  in 
hese  troughs  depressions  are  cut  at  intervals  termed  "sluice-boxes,"  in  which 
mall  quantities  of  mercury  are  placed  so  that  the  gold  is  taken  out  by  it.  In  addi- 
ion  to  the  boxes,  plates  of  copper  coated  with  mercury  are  often  placed  in  the 
roughs  to  arrest  the  finer  particles  of  gold;  these  plates  are  removed  from  time 
o  time,  the  surface  scraped,  and,  after  re-amalgamation,  returned. 

When  quartz  rock  is  worked,  it  is  first  reduced"' to  a  fine  powder  by  mechanical 
•rocesses,  and  then  washed. 

Tiie  eMorins-  free^ss  is  sometimes  used,  especially  where  the  metal  is  associated 
rith  pyrites.  The  ore  is  first  roasted,  then  mixed  with  water  in  tubs,  and  saturated 
rilh  chlorine;  this  is  allowed  to  stand  10  to  12  hours,  when  the  gold  passes  into 
olution ;  the  solution  containing  gold  chloride  is  run  off  and  treated  withjferrous 
ulphate,  which  precipitates  the  metallic  gold  in  the  form  of  a  fine  powder,  which 
$  wSTTected  and  fused  to  a  globule  with  borax.  -\  '•  ^ ^  !WF>  .      ' •       '''-»•■   ''    -      ^^  "  -  » 

The  cyanide  process  consists  in  leaching  the  finely  comminuted  ore  with  a  very 
ilut<ii»cjULtjpn  of.  potassium  or  sodium  exclude,  which,  in  the  presence  of  oxygen, 
eacts  with  the  gold  to  form  a  soluble  double  cyimidc  of  gold  and  potassium.  The 
old  is  precipitated  from  the  solution  by  means  of  metallic  zinc  or_the  electric 
urrent.  The  details  of  the  process  recjuire  modification  tor  ihe  variou¥  ores. 
"Gold  prepared  by  the  above  processes  contains  silver,  copper,  or  platinum, — 
ometimes  all  three.  When  the  proportion  of  gold  does  not  exceed  33  per  cent, 
he  silver  of  the  alloy  may  be  dissolved  by  nitric  acid  of  specific  gravity  1.320; 
his  was  formerly  known  as  quartation,  because  it  was  believed  that  an  alloy  must 
lOt  contain  over  25  per  cent,  gold  in  order  for  the  silver  to  be  dissolved  by  the  acid. 
Vhcn  the  gold  in  the  alloy  exceeds  33  per  cent,  it  is  fused  with  sufficient  silver  to 
educe  it  to  that  proportion,  when  the  silver  can  be  removed  by  nitric  acid.  Sul- 
>huric  acid  is  used  in  the  same  way  to  separate  gold.  An  alloy  may  contain  25 
ler  cent,  gold  and  10  per  cent,  copper;  the  acid  should  have  a  specific  gravity 
i  1.840. 

When  a  sample  of  gold  does  not  contain  more  than  10  per  cent,  of  silver,  it  is 
used  in  a  clay  crucible,  which  has  been  glazed  on  the  inside  with  borax,  and  a 
tream  of  chlorine  is  passed  into  the  molten  metal;  silver  chloride  forms  and  rises 
o  the  top,  a  layer  of  borax  prevents  it  from  volatilizing;  the  chlorides  of  zinc, 
>ismuth,  arsenic,  and  antimony,  when  present,  are  volatilized.  A  final  purifica- 
ion  is  sometimes  given  to  the  gold,  after  removal  of  silver,  by  dissolving  it  in 
litrohydrochloric  acid,  evaporating  on  a  water-bath  to  a  syrupy  consistence, 
nixing  this  with  some  twenty  times  its  volume  of  water,  filtering,  and  treating 
he  filtrate  with  a  solution  of  ferrous  chloride,  when  metallic  gold  is  precipitated. 

Oxalic  acid  or  ferrous  sulphate  may  be  used  to  effect  this  precipitation  of  the  gold. 

Properties. — In  the  compact  state  gold  has  a  characteristic  yellow 
olor,  a  peculiar  lustre,  and  is  capable  of  a  high  polish.  In  the  precipi- 
ated  condition  it  is  a  brown  powder.  The  native  gold  occurs  in  small 
nblcal  or  octahedral  crystals,  and  sometimes  in  other  forms  of  the  regu- 
ar  system.  It  is  also  the  most  malleable  and  ductile  of  the  metals:  in 
"cry  thin  leaves  it  transmits  a  green  light.  When  pure  it  is  nearly  as 
oft  as  lead.  The  specific  gravity  varies,  according  to  its  mode  of  prep- 
iration  or  treatment,  from  19.26  to  19.55.  ^"  the  application  of  heat 
t  melts  at  1075°  to  a  bluish-green  liquid. 

Gold  is  obtained  in  a  soluble,  colloidal  form  by  reducing  a  weakly  alkaline  so- 
ution  of  gold  chloride  with  formaldehyde. 

Gold  is  not  affected  at  any  tem|)erature  by  air,  oxygen,  or  water.  It  is  not  dis- 
olved  by  any  acids  singly,  unless  it  be  selenic  acid.     It  is  dissolved  by  nitrohy- 
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drochloric  acid,>jree  chlorine,  and  jirociins,  and  in  a  lesser  degree  by  iodine.  It  is 
also  attacked  by  tne  tusecl  alk&Iies  and  fused  potassium  nitrate. 

Uses. — Gold  IS  used  for  coinage,  for  jewelry,  and  for  gilding;  gold  leaf  is  em- 
ployed in  the  latter  process.'wWlC"  the  finely  precipitated  gold  is  used  in  the  decora- 
tion of  glass  and  porcelain.  Gilding  is  ottener  accomplished  now  by  electrolytic 
deposition ;  solutions  of  gold  chloride  and  potassium  cyanide  constitute  the  bath, 
and  a  piece  of  gold  plate  is  employed  as  the  positive  pole. 

Alloys. — Pure  gold  is  too  soft  for  most  purposes,  and  is  therefore  alloyed  with 
silver  or  copper;  the  latter  metal  gives  it  a  reddish  color.  When  pure  it  is  desig- 
nated as  24-carat,  or  1000  fine.  In  England  the  coinage  is  22-carat,  equivalent  to 
a  fineness  of  916.66;  in  most  other  European  countries  and  in  the  United  States 
it  is  2i.6-carat,  or  900  fine. 

Alloys  for  jewelry  contain  both  silver  and  copper;  that  of  14-carat  is,  perhaps, 

used  the  most  extensively.   - .  l,     *  v     ;  ^  /^         /   . 

—         1    '1 

GOLD   AND   THE    HALOGENS. 

The  halogen  elements  combine  with  gold  in  two  proportions,  in  which 
the  metal  acts  with  the  equivalence  I  and  III;   for  example,  AuCl  and 

AuCl.,. 

Aurous  Chloride,  AuCl,  Gold  Monochloride,  is  obtained  as  a  yellow  powder  by 
carefully  heating  auric  chloride  to  185°;  it  is  decomposed  at  higher  temperatures 
into  gold  and  chlorine.    Water  decomposes  it  into  the  metal  and  auric  chloride. 

Aurous  Bromide,  AuBr,  and  Aurous  Iodide,  Aul,  are  known. 

Auric  Chloride,  AuClg.  Gold  Trichloride. — This  compound  is  prepared 
by  dissolving  gold^in  nitrohy drochloric  acid,  evaporating  to  dryness, 
dissolving  in  water,  and  again  evaporating  to  dryness;  on  now  heating 
this  residue  carefully  to  150°,  the  anhydrous  salt  is  obtained.  The  salt 
may  also  be  prepared  by  heating  gold  leaf  in  a  current  of  chlorine  at  a 
temperature  of  180°  to  190°,  when  it  sublimes  in  reddish  crystals.  Al- 
though gold  chloride  is  decomposed  at  185,  as  above  stated,  yet,  in  a 
current  of  chlorine,  it  may  be  sublimed  at  a  temperature  of  300*^  without 
decomposition. 

When  the  hot,  concentrated  solution  of  gold  chloride  is  allowed  to  cool, 
crystals  having  the  composition  AuC1.^.2H^,0  are  deposited. 

Auric  chloride  forms  numerous  double  compounds  with  other  chlorides 
and  with  hydrochloric  acid. 

Chlor-auric  Acid,  AuCl^,HC1.4H20,  is  one  of  the  double  compounds 
with  hydrochloric  acid.  It  is  formed  when  hydrochloric  acid  is  added  to 
a  solution  of  auric  chloride,  and  the  whole  is  allowed  to  evaporate  slowly 
over  quicklime;  long,  yellow  crystals  arc  deposited,  which  rapidly 
deliquesce  on  exposure  to  the  air.  This  compound  forms  a  series  of  salts 
termed  chlor-aurates,  or  they  may  simply  be  considered  double  compounds 
of  auric  chloride  with  the  salt;  the  best  known  of  these  is  sodium  chlor- 
aurate,  or  gold  and  sodium  chloride.  This  compound  is  prepared  by  dis- 
solving gold  in  a  mixture  of  nitric  and  hydrochloric  acids,  and  evapor- 
ating the  solution  on  a  water-bath  to  a  syrupy  consistence: 


2Au 

-       8HC1        : 

2HNO3 

2AUCI3.HCI        - 

2NO       ^ 

4HaO. 

Gold. 

Hydrochloric 

Nitric 

Chlor-auric 

Nitric 

Water. 

Acid. 

Acid. 

Acid. 

Oxide. 
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The  proportions  are  10  parts  of  gold  to  13  parts  of  nitric  acid  of  25  per 
cent.,  and  32  parts  of  hydrochloric  acid  of  25  per  cent.  The  syrupy 
solution  of  chlor-auric  acid  is  treated  with  a  solution  of  4  parts  of  pure 
sodium  chloride  in  60  parts  of  water,  and  the  resulting  mixture  evapor- 
ated until  a  pellicle  forms;  evaporation  being  completed  at  ordinary 
temperatures  over  quicklime. 


AuCls^HCl 

-f- 

NaCl 

AuCl8,NaCl 

HCl. 

Chlor-auric 

Sodium 

Gold  and  Sodium 

Hydrochloric 

Acid. 

Chloride. 

Chloride. 

Acid. 

The  Auri  ct  Sodii  Chloridum,  U.S. P.,  is  a  mixture  prepared  by 
rubbing  together  equal  parts  of  dry  gold  chloride  and  soditmi  chloride. 
Theoretically  it  contains  32  per  cent,  of  metallic  gold,  although  the  official 
requirements  are  simply  that  it  shall  contain  not  less  than  30  per  cent, 
of  this  metal. 

The  true  gold  and  sodiimi  chloride  has  the  formula  AuCl3,NaC1.2H«0, 
and  contains  49.5  per  cent,  of  metallic  gold.  It  occurs  in  Grange-yellow, 
rhombic  tables  or  prisms,  is  deliquescent,  and  when  exposed  to  a  red 
heat  decomposes,  leaving  a  residue  of  metallic  gold. 

This  compound  is  used  in  photography,  for  gilding,  and  to  some  extent 
in  medicine.  "^-^   '^      •" 


.5 .-.  * 


Auric  Bromide,  AuBrs  (Gold  Tribromide),  Auric  Dibromide,  AuBrs,  and  Auric 
Iodide,  Aula,  are  known.  -     q       _  q  r     r  .^ 
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Aurous  Oxide,  AuaO,  is  a  dark- violet  powder,  obtained  by  treating  aurous  chloride 
with  potassium  hydroxide  in  the  cold. 

Auric  Oxide,  AuaOs,  is  a  dark-brown  powder,  formed  by  heating  auric  hydroxide 
to  100®.    Strong  heat  decomposes  it  into  gold  and  oxygen. 

Auric  Hydroxide,  Au(OH)8,  Auric  Acid, — This  compound  is  best  prepared  by 
heating  a  solution  of  auric  chloride  with  magnesia,  and  washing  the  precipitate 
with  dilute  nitric  acid.  When  freshly  prepared  it  is  a  yellowish-brown  precipi- 
tate, which  on  drying  becomes  a  brown  powder.  Auric  hydroxide  is  acid-forming, 
and  its  salts  are  termed  aurates.  When  it  is  treated  with  an  excess  of  ammonia 
wiiter  a  green  to  brown  powder  is  formed,  known  as  fulminating  ^old.  In  the  dry 
state  this  ammonia  compound  explodes  violently,  either  by  percussion  or  on  heating. 

AURATES. 

Potassium  Aurate,  KAuOa.3H20,  is  the  only  one  of  these  compounds  that  has 
been  investigated.  It  is  obtained  by  dissolving  auric  hydroxide  in  potassium  hy- 
droxide solution,  and  evaporating  the  resulting  solution  in  a  vacuum.  It  forms 
in  small,  yellow,  acicular  crystals,  w^hich  are  readily  soluble  in  water  and  have  a 
strong  alkaline  reaction.    It  is  used  in  gilding  copper  and  some  other  metals. 


CHAPTER    V. 

THE    COPPER    AND    MERCURY    GROUP. 

COPPER.  ^ 

Symbol,  Cu.         Atomic  Weight,  63.1.        Valence,  (Ra)^^  and  II. 

History. — Copper,  because  of  its  rather  abundant  occurrence  in  the 
metallic  state,  was  probably  the  first  metal  used  by  man.  It  formed  the 
material  for  tools  and  weapons  before  the  metallurgical  processes  neces- 
sary to  produce  iron  were  known.  Originally  copper  was  found  in  the 
island  of  Cyprus  and  on  this  account  ^its^-name  gradually  came  to  be 
cuprum.  "VwV  --^>  -  ^   ^^-^^^ : 

Occurrence. — The  most  abundant  occurrence  of  native  copper  is  in  the 
State  of  Michigan,  in  what  is  known  as  theLak^-Sugerioriiistrict,  and 
of  sulphide  and  carbonate  ores  in  Montana_and_Arizoiia.  Valuable  ores 
of  copper  are  found  in  ComweirTEnglahd,  in  Siberia,  and  in  the  Ural. 
Spain,  Chile,  Peru,  Japan,  and  Australia  also  produce  considerable  quanti- 
ties. One  of  the  most  abundant  ores  of  copper  is  cuprous  oxide,  Cu^O, 
or  red  copper  ore;  cupric  oxide,  CuO,  is  found  more  rarely.  Tne  sul- 
phide,  or  copper-  glance,  ^uLjS,  is  also  widely  distributed.  Smaller 
quantities  occur  as  jiialachite,  or  copper  carbonate,  CuCOj,  Cu(OH)2. 
Bomite  and  chalcopyrite  are  mixed  sulphides  of  copper  and  iron,  and 
are  very  widely  distributed. 

Extraction. — The  method  of  obtaining  copper  from  its  ores  depends 
on  whether  the  ore  is  an  oxide  or  sulphide.  If  an  oxide  or  carbonate, 
the  ore  is  simply  heated  with  charcoal  or  other  fuel,  with,  perhaps,  the 
addition  of  some  flux  rich  in  silica.  This  process  is  much  employed  in 
the  United  States.  Qsually,  however,  the  ore  is  a  sulphide  mixed  with 
iron  sulphide,  lead,  antimony,  and  silver;  often  not  more  than  5  per 
cent,  of  copper  is  present.  The  ore  is  first  roasted  on  the  floor  of  a  rever- 
beratory  furnace,  the  air-supply  being  controlled  by  suitable  apertures. 
In  this  way  the  sulphides  arc  partly  converted  into  oxides.  The  roasted 
ore  is  next  fused  with  a  silicious  flux,  to  which  fluorspar  is  sometimes 
added  to  increase  its  fusibility.  The  result  of  this  operation  is  cuprous 
sulphide  and  a  slag  formed  by  combination  of  the  iron  oxide  present  with 
the  flux.  The  cuprous  sulphide,  with  some  unaltered  iron  sulphide,  col- 
lects in  the  basin  of  the  furnace  and  is  known  as  coarse  metal.  This 
operation  of  fusing  with  a  flux  is  repeated  until  the  iron  Is  entirely  re- 
moved, and  a  mixture  of  cuprous  oxide  and  sulphide  remains.  On  roast- 
ing this  mixture  the  following  reaction  takes  place  : 

2CU2O  !  CU2S  6Cu         -f        SOa. 

Cuprous  Oxide.       Cuprous  Sulphide.  Copper.  Sulphur  Dioxide. 
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The  copper  thus  obtained  is  usually  covered  with  black  blisters,  and 
is  known  as  blister  copper.  It  still  contains  impurities  of  lead,  antimony, 
arsenic,  and  occasionally  other  metals,  which  are  removed  by  another 
treatment  in  a  current  of  air;  the  impurities,  with  some  of  the  copper, 
form  a  slag  with  the  silicious  material  of  the  hearth  and  are  removed. 
This  slag  is  known  as  refinery  slag,  and  is  used  as  a  flux  during  the  earlier 
treatments  of  the  ore.  The  metal  still  contains  some  cuprous  oxide 
which  renderS"Tt'biiltle,  so  it  must  be  subjected  to  a  refining  process 
which  is  known  as^/?Q//H£,  because  it_CQnsists.in  melting  the  copper  with 
coal,  and  stirring  the  melted  mass  with  an  oak  or  birch  pole;  the  gases 
evolved  complete' the  "Seoxidation  of  the  metal;  the  latter  is  then  run 
into  ingots. 

Considerable  quantities  of  copper  are  now  obtained  by  extracting 
in  the  wet  way.  The  residue  from  the  burning  of  iron  pyrites,  in  the 
manufacture  of  sulphuric  acid,  <:ontains  about  3  per,  cent,  of  copper. 
This  is  recovered  by  roasting  the  residue  with  12  to  15  per  cent,  of  com- 
mon salt.  On  lixiviating  this  mass  with  water,  the  whole  of  the  copper 
is  obtained  as  cupric  chloride,  and  is  precipitated  from  the  solution  by 
tKe" addition  of  scrap-iron. 
Thfi^mosJ  recent''prbcess  of  copper  refining  is  that  in  which  electrolysis 
/  is  employed.  Both  copper  sulphate  and  chloride  are  taken  in  solution 
for  electrolysis. 

It  is  estimated  that  the  United  States  produces  the  enormous  amount 
of  280,000  tons  of  electrolytic  copper  annually. 

Properties. — Copper  is  a  lustrous,  malleable,  and  ductile  metal, 
with  a  peculiar  reddish  color,  and  capable  of  taking  a  high  polish.  Its 
specific  gravity  is  about  8.94,  and  it  melts  at  1054°.  In  the  molten 
state  it  possesses  a  bluish-green  color.  Native  copper  is  found  crystal- 
lized in  octahedrons,  and  occasionally  in  the  same  form  it  occurs  in  the 
refining  process. 

In  dry  air  copper  undergoes  no  change,  but  in  the  presence  of  moisture 
it  becomes  covered  with  a  greenish  layer  of  basic  copper  carbonate. 
When  heated  in  air  or  oxygen  the  metal  becomes  black  on  the  surface, 
owing  to  the  formation  of  a  thin  layer  of  oxide. 

With  exclusion  of  air,  copper  is  scarcely  dissolved  by  dilute  hydro- 
chloric or  sulphuric  acid ;  on  the  application  of  heat  and  in  the  presence 
of  air,  however,  either  will  slowly  dissolve  it.  ^  DiluteL  nitric  acid  readily 
dissolves  it  in  the  cold.  It  is  also  dissolved  bv  ammonia  water  in  the 
presence  of  air.  *" 

Uses.^RJctallic. copper  is  used  for  making  many  kinds  of  metals  for 
manufacturing  and  domestic  purposes,  for  sheathing  ships,  in  the  manu- 
facture of  money,  in  cartridge-shells,  and  especially  in  alloys. 

The  total  production  of  copper  in  the  United  States  for  1Q04  amount- 
ed to  812,537,267  pounds,  valued  at  $105,629,845.  Of  this  amount 
nearly  half  was  exported. 

Alloys  of  Copper. — The  most  important  alloys  of  copper  are  those  it  forms 
with  zinc  and  tin.  ;  - 


/ 


y^. 


4IO  CHEMISTRY  OF  THE  METALS. 

^  Brass  is  composed  of  about  70  per  cgixL^ copper  and  ^o.pef  cent,  zinc,  with  some- 

^   times  2  or  3  per  cent,  of  tin  and  0.25' to  0.80  ^r  cent,  of  lead]  IffrSss  is  superior  to 

copper  because  it  does  not  tarnish  so  readily,  it  has  a  more  pleasing  color,  is  harder, 

has  a  lower  melting  point,  and  when  cast  does  not  blister.    Pinchbeck,  or  tombac, 

is  a  brass  containing^54ja.rts  copper  and_i5,parts  zijic.  -**— 

The  following  are  the  percentages  in  some  of  thie  other  important  alloys  of 
copper  : 

Copper.  Tin.  Lead. 

Bell  metal 78  22  .    . 

Gun  metal 90  10  .    . 

Art  bronze 86.6  6.6  3.3 
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Cuprous  Chloride,  CusClg,  is  formed  by  dissolving  cuprous  oxide  in  hydrochloric 
acid,  taking  care  to  exclude  air.  It  is  probably  most  readily  prepared  by  boiling 
cupric  chloride  with  hydrochloric  acid  and  copper  turnings,  with  the  addition  of 
a  little  platinic  chloride  to  establish  galvanic  action.  On  pouring  the  clear  solu- 
tion into  water,  which  has  been  heated  to  expel  air,  cuprous  chloride  sex>arates  as 
a  white,  crystalline  precipitate  of  microscopic  tetrahedra. 
^  Properties.— Cunrouft  ^^hloride'  is  a  white*  crystalline   powder,   which  may  be 

recrystallized  by  dissolving  in  hot,  concentratea  hydrochloric  acid;  it  is  insoluble 
■  N,         in  water,  but  is  soluble  in  solution  of  ammonia. 

\  On  the  application  of  heat  cuprous  chloride  melts  at  434®,  and  on  cooling  it  forms 

a  solid  crystalline  mass.    Near  1000®  it  is  volatilized,  and  the  vapor  has  a  specific 
\  '        gravity  of  6.83  (air  -  i),  indicating  the  formula  CU2CI2. 

\  The  solution  of  cuprous  chloride  in  hydrochloric  acid  and  in  ammonia  possesses 

a  strong  affinity  for  carbon  monoxide,  and  for  a  number  of  compounds  of  the 
acetylene  series;  it  is,  therefore,  a  valuable  agent  in  gas  analysis.  o^#,*  0  -^  '^  r*'  ^^ 

Cupric  Chloride,  CuCla.2H20,  is  prepared  by  dissolving  i  part  of  cupric  oxide 
in  4  parts  of  hydrochloric  acid  of  25  per  cent,  strength.  The  solution  is  filtered 
clear,  concentrated  on  a  water-bath,  and  crystallized. 

Properties. — Cupric  chloride  occurs  in  green,  prismatic  crystals*,  which  deli- 
quesce on  exposure  to  damp  air.  It  is  readily  soluble  in  water  and  in  alcohol, 
and  somewhat  soluble  in  etner.  The  aqueous  solution  of  the  salt  is  green  when 
concentrated,  and  blue  when  dilute. 

At  100**  the  crystals  begin  to  lose  their  water  of  crystallization,  and  at  500®  the 
salt  melts;  when  heated  to  redness  it  is  decomposed  into  cuprous  chloride  and 
chlorine. 

The  anhydrous  cupric  chloride  readily  absorbs  ammonia  and  becomes  thereby 
converted  mto  a  blue  powder,  having  the  composition  CuCla,6NHs.  The  solution 
of  the  salt  in  strong  aqueous  ammonia  deposits  octahedral  crystals  of  the  compo- 
sition CuCla,4NH3.HaO.  Both  of  the  above  compounds  are  changed  at  150°  into 
a  green  powder,  having  the  composition  CuCla,2NHa. 

When  cupric  chloride  solution  is  digested  with  cupric  hydroxide,  or  when  potas- 
sium hydroxide  is  added  to  a  cupric  chloride  solution,  there  is  formed  a  comfwund 
having  the  composition  Cu403Cia.4Ha0,  and  known  as  atacamite.  This  mineral 
occurs  native  in  Chili  and  Peru. 

Cuprous  Bromide,  CuaBra.  and  Cupric  Bromide,  CuBra,  are  prepared  like  the  cor- 
responding chlorides,  and  resemble  them  in  appearance  and  properties.  The 
anhydrous  cupric  bromide  occurs  in  lustrous  crystals  resembling  iodine. 

Cuprous  Iodide,  Cuala,  is  the  only  compound  of  copper  and  iodine  knowti;  it  is 
a  white,  permanent,  insoluble  powder,  which  is  prepared  by  adding  potassium 
iodide  to  copper  sulphate  in  the  presence  of  sulphurous  acid  or  ferrous  sulphate: 

2CUSO4  2KI      .      2FeS04  Cuala     r     KaS04      ^      Fea(S04)8. 

Iodine  is  frequently  separated  from  bromine  and  chlorine  by  this  reaction. 
Cuprous  Fluoride,  CuaFa,  and  Cupric  Fluoride,  CuFa,  are  known;  the  latter 
may  be  made  to  crystallize  with  two  molecules  of  water. 

COPPER    AND    OXYGEN. 

Cuprous  Oxide,  CuaO. — This  compound  is  found  native  as  cuprite,  or  red  copper 
ore,  in  regular  octahedrons  or  compact  crystalline  masses.     It  18  readily  prepared 
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"TBrely  in  cubes.    It  is  artincially  prepared  by  heating  to  redness 
•  oxycarbonate,  or, by  heating  metallic  copper  to  redness  with 

ipric    Oxide/  is    a    &ae»    amorphous,    brownish-black    powder; 


by  fusing  cuprous  chloride  with  anhydrous  sodium  carbonate,  or  by  heating  solu- 
tions of  copper  sulphate,  sodium  hydroxide,  and  sugar.  It  is  a  red  powder,  wholly 
insoluble  in  water,  but  soluble  in  solution  of  ammonia.  It  is  used  as  a  red  coloring 
for  glass. 

Cupric  Oxide,  CuO,  occurs  native  as  black  oxide  of  copper  or  melaconite  in  dark, 

rely  in  cubes.    It  is  artificially  prepared  by  heating  to  redness 
copper  nitrate  or^ 
access  of  air. 

Properties. — Cupric 
sometimes  it  is  found  in  scales.     It  is  insoluble  in  water,  but  easily  dissolves  in 
acids  with  the  formation  of  cupric  salts;  it  is  aliso  soluble  in  solution  of  ammonia. 

When  heated  in  the  presence  of  hydrogen,  carbon  monoxide,  marsh-gas,  and 
many  other  organic  substances,  cupric  oxide  readily  gives  up  its  oxygen  and  is 
reduced  to  metallic  copper.  On  account  of  this  property  it  is  much  employed  in 
organic  analysis. 

When  fused  with  glass  it  imparts  to  the  latter  a  light-green  color;  it  is,  there- 
fore, employed  in  the  preparation  of  artificial  emeralds. 

Cuprous  Hydroxide,  Cua(OH)a,  having  this  formula,  is  not  known,  but  a  com- 
pound derived  from  it,  having  the  composition  4CuaO.HaO,  is  made  by  pouring 
a  solution  of  cuprous  chloride  into  a  cold  solution  of  sodium  hydroxide.  It  is  a 
bright  yellow  precipitate.  It  readily  passes  into  cuprous  oxide  on  the  application 
of  a  gentle  heat,  and  on  exposure  to  air  becomes  blue  by  oxidation. 

Cupric  Hydroxide,  Cu(OH)2,  is  readily  obtained  as  a  light -blue,  bulky  precipi- 
tate, when  a  solution  of  copper  sulphate  is  treated  in  the  cold  with  excess  of  so- 
dium hydroxide.  When  this  mixture  is  boiled,  the  hydroxide  is  converted  into  a 
black  compound  having  the  composition  ru(OH)a.2CuO,  and  this,  when  dried 
and  ignitea,  is  converted  into  CuO. 

At  least  two  other  oxides  of  copper  are  known, — namely,  CujO,  copper  tetroxide, 
and  copper  superoxide  or  dioxide,  CuOa.HaO.  ^ 

OXYGEN  SALTS  OF  COPPER. 

Cupric  Sulphate,  CuSO,.5H20.  Cupri  Sulphas,  U.S.P.— This  salt 
is  most  readily  prepared  by  dissolving  copper  in  sulphuric  acid: 

Cu     -r     2HaS04       -     CUSO4      ^      SOa     -f-     aHaO. 

The  clear  solution  is  decanted  and  allowed  to  crystalHze,  and  these 
crystals  are  further  purified  by  recrystallization.  Copper  sulphate  is 
a  by-product  in  several  metallurgical  operations,  so  that  its  preparation 
is  usually  carried  on  in  conjunction  with  them.  The  crude  copper  ob- 
tained in  smelting  the  ores  is  treated  with  sulphuric  acid,  and  thus  con- 
verted into  sulphate.  Copper  pyrites  are  roasted,  when  the  following 
reaction  takes  place:  .    .. 

CuaS      t      sO     -     CUSO4      -     CuO.      /  ,  /    .' 

This  mixture  is  then  treated  with  so  much  sulphuric  acid  as  is  necesr^M, 
sary  to  convert  the  oxide  into  sulphate.  '    * 

Large  quantities  of  copper  sulphate  are  obtained  in  the  refining  of 
silver  when  that  metal  contains  copper  and  gold.  Silver  and  copper 
sulphates  are  formed,  and  from  their  solution  the  silver  is  precipitated 
by  suspending  in  the  liquid  strips  of  copper.  Commercial  copper  sul- 
phate frequently  contains  small  quantities  of  iron  and  zinc  salts.  Double 
vitriol,  for  which  at  one  time  there  was  some  demand,  consists  of  the  sul- 
"phates  of  copper  and  iron,  with  occasionally  some  zinc  sulphate. 
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Properties. — ;Copper  sulphate  occurs  in  "largp,  tr«!25llP^p"<'.  HppjjJ^lilf, 
y  triclinic  crystals,  odorless,  of  a  nauseous,  metallic  taste;  slowly  efflores- 
\;  cent  in  a!y^ir."  It  is  .soluble  in.  2^  parts-oLjirater  at  25°,  and  in  0.5 
f  part  of  boiling  water;  soluble  in  400  part§.fli.  airohftl.  **  When  carefully 
i  heated  to  30°,  the  salt  loses  2  of  its"5"molecules  of  water  (14.43  P^^"  cent.), 
^  and  is  converted  into  a  pale  blue,  amorphous  powder.     Two  more  mole- 

j  cules  of  water  are  lost  at  100°,  while  the  fifth  is  retained  until  200°  is 

j^        reached,  when  a  white,  anhydrous  powder  remains  (63.9  per  cent,  of  the 
J-  original  weight).     At  a  still  higher  temperature  sulphur  dioxide  and 

oxygen  are  given  off,  and^a_ residue,  of  black  cupric  oxide  isjeft." 
»-!  The  aqueous  solution  shows  an  acid  reaction  towards  litmus  paper. 
S^  Copper  sulphate  in  a  crystallized,  anhydrous  condition  may  be  obtained 
by  acting  on  copper  in  closed  vessels  with  concentrated  sulphuric  acid. 
The  salt  in  the  anhydrous  as  well  as  in  the  hydrated  condition  has  a 
strong  affinity  for  hydrochloric  acid,  forming  cupric  chloride  and  liberat- 
ing sulphuric  acid;  oa.iiCcoynt  of  this  property  copper  sulphate  is  use- 
ful to  separate  hydrochloric  acid  from' its  mixtures  with  other  gases. 

Copper  sulphate  is  used  in  the  manufacture  of  colors  for  calico-print- 
ing, as  a  mordant,  and  in  clcrtrotyping;  it  also  is  extensively  employed 
in  some  galvanic  batteries. 

'  "A  number'of  basic  compounds  of  copper  and  sulphuric  acid  are  knowm ; 
one    of    these,    CuSO^,3Cu(OH)2,    occurs    in    nature    as    the    mineral 

brochantite.  " — 

Copper  "Ammonium  Sulphate,  CuSO^,4NH3.H20. — Several  compounds 
of  copper  and  ammonium  sulphate  exist.  One,  having  the  above  for- 
mula, is  produced  in  solution  when  ammonia  water  is  added  in  excess  to 
a  solution  of  copper  sulphate.  It  was  official  in  the  Pharmacopoeia  of 
1870,  and  was  prepared  in  the  solid  state  by  rubbing  together,  in  a  mortar, 
copper  sulphate  and  ammonium  carbonate,  and  drying  the  product 
between  folds  of  bibulous  paper.  It  occurs  as  a  deep-blue,  crystalline 
powder.  Anhydrous  copper  sulphate  absorbs  gaseous  ammonia  \vith 
great  avidity,  forming  the  compound  CuS0p5NH.j. 
/;  Copper  Nitrate,  Cu(N03)2.3H20,  Cupric  Nitrate,  is  prepared  by  treating, 
/  /  in  a  capacious  flask,  i  part  copper  turnings  with  1 1  parts  of  nitric  acid  of  25 
per  cent,  strength.  The  mixture  is  carefully  wanned  until  the  reaction 
begins,  which  then  continues  quietly  without  further  application  of  heat: 

3CU     ^      8HNO3  3Cu(N03)2  NgOa      :      4H2O. 

The  solution  is  diluted  with  water,  filtered  clear,  and  then  evaporated 
until  a  film  forms,  when  it  is  set  aside  to  crystallize. 

Properties. — Copper  nitrate  occurs  in  deep-blue,  prismatic  crystals; 
it  possesses  a  sharp  metallic  taste,  and  is  easily  soluble  in  water  and 
alcohol.  At  low  temi)eratures  crystals  are  formed  with  6  molecules  of 
water.  Like  the  sulphate,  this  salt  forms  an  ammonia  compound,  hav- 
ing in  this  case  the  formula  Cu(N0.j)o,4NH.j. 

Copper  nitrate  is  used  in  dyeing  and  in  calico-printing;  it  is  also  a 
conyenient  conipound  fron>  which  to  prepare  pure  copper  oxide. 
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Copper  Phosphate,  Cu8(P04)a.3H20,  is  formed  when  copper  carbonate  is  dis- 
solved in  dilute  phosphoric  acid;  on  warming  the  solution  to  70®  the  salt  is  depos- 
ited as  a  bluish-green,  insoluble  precipitate.  Various  compounds  of  copper  and 
phosphoric  acid  are  found  in  nature. 

Copper  Arsenitc,  (^'uHAsOs,  is  known  as  Sdi££le_sjx££n,  or  Swedish  green,  and  is 
obtained  by  mixing  solutions  of  copper  .sulphate  and  potassiumjarsenite.  Paris 
green  is  an  accto-arsenite  of  copper,  and  will  be  considered  later.    ^""^  "  '   ' 

Copper  Arsenate,  Cu3(As04)2.4HaO,  is  formed  as  an  amorphous  precipitate 
by  warming  equivalent  quantities  of  copper  nitrate  and  calcium  arsenate  with  a 
little  water  to  60°.  By  varying  the  proportions  of  the  above  salts  compounds  of 
different  composition  may  be  obtained. 

Copper  Borate  of  variable  composition  is  obtained  by  mixing  solutions  of  copper 
sufpnate  ancTBljig^x.  - 

Copper  Siticaie,  CuSiOa.  is  found  in  nature  with  variable  amounts  of  water. 
It  may  be  obtained  as  a  blue-green  precipitate  by  mixing  solutions  of  copper  sul- 
phate and  sodium  silicate. 
f  Copper  Carboftale. — The  normal  salt,  CuCOs,  is  not  known,  but  a  compound 
having  the  composition  CuC03,Cu(0H)a,  is  found  in  nature  as  the  mineral  jnala- 
chite.     Azurite,  2CuC03,Cu(OH)2,  occurs  with  malachite  and  other  copper^or^. 

STalachite  occurs  in  the  Urals,  at  Cornwall,  England,  and  in  various  parts  of  the 
Urfile(t"^JTSfes.  It  is  susceptible  of  a  high  polish,  and  is  on  this  account  much  used 
for  making  vases,  ornamental  table  tops,  and  jewelry. 

Azurite  is  sometimes  known  as  blue  malachite,  and  is  employed  in  the  same 
manner  as  the  green  variety. 

When  cold  solutions  of  copper  sulphate  and  sodium  carbonate  are  mixed,  a 
blue  precipitate  is  thrown  down  having  the  composition  CuC03.Cu(OH)a.HaO, 
which  on  standing,  becomes  green,  and  has  the  same  composition  as  malachite. 

The  term  verdigriSj^  oy  copper  rust,   is  sometimes  applied  to  the  compound     ^ 
formed  on  coppeVwTien  it  is  expOSCfTlo' the  joint  action  of  iijr.and. water,  and  which 
has  (he  same  composition  as  malachite" "  The  basic  acetate  of  copper  is  usualfy 
understood  as  tlie  true  verdigris,    n        ^       \\        "^      '^ '  ^         ^       -i  /  ^   >-   ■.: 

COPPER   AND    SULPHUR.  ^ 

Cuprous  Sulphide.  CuaS,  occurs  native  as  the  mineral  chakocite.  It  is  formed 
when  copper  and  sulphur  are  fused  together,  and  has  in  this  way  been  obtained 
in  rhombic  octahedrons. 

Cupric  Sulphide,  CuS,  when  found  in  nature  as  the  mineral  corcUite,  is  also  known 
as  indigo  copper,  It  is  formed  as  a  black  precipitate  wRen  hydrogen  sulphide  is 
passed  into  solution  of  copper  sulphate.  It  is  quite  readily  decomposed  mto  cu- 
prous sulphide  and  sulphur.  ^ 

MEkCURY  (Hydrargyrum).  -j- 

Symbol,  Hg.  Atomic  Weight,  198.5.  Valence,  (5^a)^^  and  II. 

History. — Mercury,  or  quicksilver,  was  known  to  the  ancients,  but 
at  a  more  recent  period  than  gold  and  silver.  It  was  first  mentioned 
in  the  writings  of  Aristotle,  400  b.  c,  and  in  those  of  Theophrastus, 
300  B.C.  The  latter  described  it  as  liquid  silver,  and  gave  a  method 
for  the  preparation  of  it  from  cinnabar. 

Occurrence. — Mercury  is  found  native  in  minute  globules  dissemi- 
nated through  its  ores.  The  most  abundant  ore  is  cinnabar,  or  mercuric 
sulphide,  HgS.  This  is  found  at  Idria.  in  Austria- iTungary ;  at  Ahnaden, 
in  Spain;  in  California,  Nevada,  and  Texas,  in  the  United  States;  in 
Mexico,  New  South  Wales,  China  and  Japan. 

The  metal  is  also  found  amalgamated  with  gold  and  silver. 

The  production  of  mercury  in  the  United  States  in  1904  amounted  to 
34,570  flasks  (75  lbs.  per  flask),  valued  at  $1,503,795. 
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Preparation. — The  chief  ore  of  mercury  being  the  sulphide,  it  is 
to  heat  this  ore  to  a  temperature  above  360°  with  access  of  air  ii 
pose  it  into  the  metal  ana  sulphur  dioxide,  as  follows  : 

HgS     -     6.    ^     Hg     ^     SOi. 


umn  of  vapor.  The  mercury  collects  under  the  water.  This  process  is  employed 
at  Idria.  while  at  Almaden  the  vapors  are  conducted  through  a  long  series  of  ves- 
sels known  as  aliuUh.  shown  in  Fig.  lai.  The  combination  between  the  mercury 
and  sulphur  is  more  easily  destroy^  in  the  presence  of  iron  or  lime,  so  that  one  of 
these  is  sometimes  heatea  with  the  ore.  When  lime  is  employed  the  reaction  is  as 
follows: 

4HgS  4CaO     :        4Hg      f      CaSOi       :      3CaS. 

In  the  United  States  these  furnaces  are  usually  so  constructed  as  to  be  worked 
continuously,  while  in  the  older  localities  it  is  customary  to  allow  the  furnace  to 
I'ool  after  each  charge  of  about  50  tons  has  been  heated;  this  is  usually  accom- 
plished in  one  day,  and  then  four  or  five  days  arc  retjuired  for  the  cooling  before 
another  charge  can  be  tilled  in.     Mercury  prepared  in  this  manner  is  sent  into 


Aludtli. 

ron  bottles  holding  75  pounds.  It  contains  mechanical  impurities 
ab  »t;ii  as  other  metals  like  lead,  silver,  tin,  bismuth,  copper,  and  zinc,  and  must 
be  purified  by  first  pressing  through  chamois  or  linen,  and  then  by  distilling  from 
iron  retorts.  The  distillation  is  assisted  by  a  Torricellian  vacuum.  The  metallic 
impurities  may  also  be  removed  by  treatment  with  dilute  nitric  acid;  this  is  best 
accomplished  hy  running  the  metal  into  the  acid  in  the  form  of  a  fine  spray,  as 
when  it  is  forced  through  a  piece  of  porous  wood. 

Properties. — At  ordinary  temperatures  mercury  is  a  liquid,  silver- 
white,  lustrous  metal.  In  very  thin  layers  it  transmits  a  violet-blue 
light.  When  cooled  to  — ^39.38°  it  forms,  with  considerable  contraction, 
a  malleable,  ductile,  and  crystalline  solid.  Its  specific  granty  at  15°  is 
13.5584.  and  in  the  solid  state  14.391. 

Mercury  is  insoluble  in  water  and  the  other  usual  solvents.  It  is  not 
dissolved  by  hydrochloric  acid,  or  at  ordinary  temperatures  by  sulphuric 
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acid,  but  the  latter  when  boiled  with  it  slowly  dissolves  it  with  evolution 
of  sulphur  dioxide.     Nitric  acid,  when  concentrated,  dissolves  it  rapidly. 

At  ordinary  temperatures  merciu-y  volatilizes  slowly,  and  when  heat 
is  applied  the  volatilization  is  increased,  until  at ^57^5°  the  metal  boils, 
and  is  completely  dissipated,  yielding  a  colorless  and  very  poisonous 
vapor.     This  vapor  has  a  specific  gravity  of  6.928  (air  =1). 

Pure  mercury  may  be  agitated  with  piu-e  air  or  oxygen  without  undergo- 
ing change,  but  when  other  metals  are  present  it  becomes  grayish  in  color, 
owing  to  the  formation  of  a  covering  of  oxidation  products  of  these  metals. 
A  globule  of  the  metal  when  placed  on  clean  white  paper  should  roll  about 
freely  and  leave  no  streaks,  as  it  does  when  foreign  metals  are  present. 

When  mercury  is  rubbed  or  agitated  with  fat,  chalk,  or  honey  of  rose 
and  glycerol,  it  is  reduced  to  a  very  finely-divided  condition,  when  it  is 
said  to  be  " extinguished* '  or  "deadened."  In  this  condition  it  becomes 
an  active  medicinal  agent  for  both  internal  and  external  use. 

Uses. — Besides  its  medicinal  use,  mercury  is  employed  in  the  metal- 
lurgy of  silver  and  gold,  and  has  many  uses  in  the  laboratory,  especially 
in  barometers  and  thermometers. 

Amalgaxns. — The  alloys  of  mercury  with  other  metals  are  known  as  amalgams. 
This  property  of  dissolvmg  other  metals,  which  is  possessed  by  mercury,  has  been 
likened  to  the  solvent  action  of  water,  but  in  the  case  of  the  metals  it  is  much  easier 
to  demonstrate  the  formation  of  a  definite  compound;  thus,  for  instance,  th« 
compounds  of  mercury  and  silver  have  the  composition  AgHg  and  AgaHgs.  Po- 
tassmm,  sodium,  zinc,  cadmium,  tin,  gold,  silver,  etc.^  dissolve  readily  in  mercury, 
and  in  the  case  of  potassium  and  sodium,  with  considerable  evolution  of  heat. 
An  amalgam  of  i  part  of  sodium  in  100  parts  of  mercury  is  viscid;  with  80  parts 
of  mercury,  pasty;  with  30  parts,  hard. 

MERCURY  AND  THE  HALOGENS. 

Mercurous  Chloride,  HgCl  (HggCU),  Calomel.  Hydrargyri  Chloridum 
Mite,  U.S. P. — ^Thc  mineral  horn-quicksilver,  found  native  in  various 
parts  of  the  world,  has  the  same  composition  as  calomel. 

Preparation. — When  hydrochloric  acid  or  a  soluble  chloride  is  added  to  a  solu- 
tion of  mercurous  nitrate,  calomel  is  precipitated.  The  same  result  may  be  at- 
tained by  passing  sulphur  dioxide  into  a  solution  of  mercuric  chloride.  The  prod- 
uct thus  obtained  is  not  satisfactory  for  medicinal  use,  as  it  is  crystalline  and  |;ran- 
ular.  The  salt  is,  therefore,  usually  prepared  by  sublimation.  This  is  accomplished 
by  heating  a  mixture  of  36  parts  of  sulphuric  acid  with  24  parts  of  merctiry,  until 
the  latter  is  dissolved  and  a  dry  salt  remains.  The  mercuric  sulphate  thus  formed 
is  rubbed  with  24  parts  of  mercury  until  the  globules  disappear,  and  then  with  18 
parts  of  common  salt.  The  mixture  is  then  sublimed  in  sucn  a  manner  as  to  rapidly 
condense  the  vapor  and  form  a  very  fine  amorphous  product.  This  is  in  some 
cases  accomplished  by  forcing  a  jet  of  steam  into  the  condenser  with  the  vapor  of 
the  calomel,  and  in  other  cases  by  a  current  of  cold  air  in  like  manner.  The  reac- 
tions involved  are  as  follows  : 

Hg        ^  2H2SO4  HgS04         -  SOa         -f  2HaO.. 

Mercury.  Sulphuric  Acid.  Mercuric  Sulphate.    Sulphur  Dioxide.  Water. 

HgS04  ^  Hg  Hg8S04. 

Mercuric  Sulphate.  Mercury.  Mercurous  Sulphate. 

HgaS04         +         2NaCl         --         HgjiCU         -f  NaaSO*. 

Mercurous  Sulphate.       Sodium  Chloride.         Mercurous  Chloride.       Sodium  Sulphate. 

,?>..'■' 
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The  same  results  may  be  obtained  by  using  mercuric  chloride  instead  of  the  sul- 
phate, rubbing  it  with  an  equivalent  quantity  of  mercury  and  subliming. 

In  both  cases  the  product  is  washed  well  with  warm  water  to  remove  mercuric 
chloride,  since  the  latter  is  soluble  in  that  lic^uid.  The  washing  is  known  to  be 
complete  when  ammonia  causes  no  further  turbidity  with  the  wash-water. 

Properties.  — jZalomel  is  "a  white,  impalpable  powder,  becoming 
yellowish-white  on  being  triturated ^Tth  stitnig^fessure,  and  showing 
only  small,  isolated  crystals  under  a  magnifying  power  of  one  hundred 
diameters.  It  is  odorless  and  tasteless,  and  permanent  in  the  air." 
It  is  ''insoluble  in  water,  alcohol,  or  ether,  and  also  cold  dilute  acids.** 
'^  On  the  application  of  heat  calomel  is  volatilized  without  melting. 
One  of  its  most  characteristic  reactions  is  thgt  of  blackening  on  the  addi- 
tion of  lime  water  or  solution  of  ammonia  (2HgCl-F^NlijOH^==  Hg^Cl- 
NHg  +  NH^Cl  4  2H2O).  When  concentrated  hydrochloric  acid  is 
boiled  with  calomel,  the  latter  is  converted  into  mercuric  chloride  and 
mercury.  Hot  nitric  acid  converts  it  into  mercuric  chloride  and 
nitrate,  and  hot  sulphuric  acid  also  decomposes  it,  with  evolution  of 
sulphur  dioxide  and  formation  of  mercuric  chloride  and  sulphate. 
Uses. — The  chief  use  of  calomel  is  in  medicine.  !^.  ■  -  V  .  - 
Mercuric  Chloride,  HgCl.^,  Corrosive  Sublimate.  Hydrargyri  Chlori- 
dum  Corrb5tVTItn7  U.S. P. — ^This  salt  was  described  by  Geber  in  the 
eighth  century.  It  may  be  prepared  in  a  small  way  by  dissolving  with 
the  aid  of  heat  10  parts  of  mercuric  oxide  in  14  parts  of  25-per-cent. 
hydrochloric  acid,  previously  diluted  with  28  parts  of  water  : 

HgO  2HCI  HgCl2  H2().    l^^ 

The  method  usually  employed  on  a  large  scale  consists  in  heating  4 

parts  of  mercury  and  5  parts  of  sulphuric  acid,  with  formation  of  mercuric 

sulphate: 

Hg     -      2H2SO4  HgS04      :-     SO2      -      2H2O. 

The  dried  mercuric  sulphate  is  intimately  mixed  with  half  its  weight 
of  common  salt  and  a  little  manganese  dioxide  to  prevent  formation  of 
mcrcurous  salts. 

The  dry  mixture  is  placed  in  glass  vessels;  these  are  half  buried  in 
sand  and  heated  until  the  mercuric  chloride  is  sublimed  into  the  upper 
half;  the  vessels  are  then  broken,  and  the  salt  renewed.  The  reaction 
which  takes  place  in  the  sublimation  is  as  follows  : 

HgS04      •       2NaCl  HgCl2     -f     Na2S04. 

Properties. — Sublimed  corrosive  sublimate  forms  white,  opaque,  or 
translucent,  crystalline  masses,  odorless,  and  having  a  sharp,  metallic 
taste.  It  is  Y)ermancnt  in  the  air.  When  rubbed  in  a  mortar  it  yields 
a  pure  white  powder,    calomel  becomes  yellow  when  so  treated. 

Corrosive  sublimate  is  soluble  in  13  parts  of  water  at  25^,  and  in  2 
parts  of  boiling  water;  in  3  parts  of  cold  and  1.2  parts  of  boiling  alcohol; 
it  is  also  dissolved  by  4  parts  of  ether  and  lly.  14  parts  of  glycerol. 
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On  the  application  of  heat  the  salt  fuses  at  265*^  to  a  colorless  liquid, 
"which  at  about  300*^  volatilizes  in  dense  white  vapors,  leaving  no  residue. 
*  *  The  aqueous  solution  reddens  litmus  paper,  but  becomes  neutral  on  the 
addition  of  sodium  chloride."  The  solution  in  water  slowly  decomposes 
when  exposed  to  the  light,  as  follows : 

2HgCl2   +^  H2O      =      HgaCla  _..i..  jiECl    4-     O. 

The  hot  acids  dissolve  mercurous  chloride  without  decomposing  it; 
this  is  best  illustrated  by  the  salt's  subliming  unchanged  from  its  solu- 
tion in  concentrated  sulphuric  acid. 

Mercuric  chloride  forms  a  number  of  basic  chlorides;  for  instance,  when  the 
aqueous  solution  is  boiled  with  mercuric  oxide  and  the  solution  is  cooled  to  60^,  a 
number  of  basic  chlorides  separate,  and  the  clear  solution  poured  off  from  these 
yields,  on  further  cooling,  a  compound  having  the  composition  2HgCla.3HgO. 
When  equal  volumes  of  cold,  saturated  solutions  of  corrosive  sublimate  and  acid 
potassium  carbonate  are  mixed  a  compound  having  the  composition  HgCla.3HgO 
seoarates  in  golden-yellow  scales. 

Mercuric  chloride  forms  a  large  number  of  double  chlorides  with  the  alkali  metals; 
these  double  chlorides  are  more  soluble  than  the  mercuric  salt.  When  a  watery 
solution  containing  equal  weights  of  mercuric  chloride  and  ammonium  chloride 
is  evaporated  a  residue  is  obtained,  which  was  formerly  known  as  sal  alembroth, 
and  has  the  composition  aNH4Cl,HgCla.HaO.  This  is  a  powerful  antiseptic,  not 
so  irritating  as  the  mercuric  salt  alone. 

« 

Uses. — Mercuric  chloride  is  a  valuable  agent  from  which  to  prepare 
fhe  other  salts  of  mercury.  It  also  has  extended  use  in  medicine, 
especially  as  anjniigeptic.  Internally  it  acts  as  a  powerful  poison, 
except  in  very  small  doses.     The  best  antidote  is  raw  white  of  egg. 

Mercurous  Bromide,  HgBr(Hg9Bra),  may  be  prepared  by  adding  hydrobromic 
acid  or  sodium  bromide  to  solution  of  mercurous  nitrate;  m  this  form  it  bears  a 
close  resemblance  to  calomel. 

Mercuric  Bromide,  HgBra,  is  obtained  by  treating  merciu-y  under  water  with  an 
excess  of  bromine ;  it  crystallizes  from  water  in  glistening  scales,  and  from  alcohol 
in  rhombic  needles.  It  is  not  so  soluble  in  water  as  the  chloride,  but  is  easily  solu- 
ble in  alcohol  and  in  ether. 

^Mercurous  Iodide,  HgI(Hg2l2).  Hydrargyri  lodidum  Flavum,  U.S. P. 
— ^This  form  of  mercurous  iodide  has  replaced  the  green  variety  which 
was  official  in  the  earlier  Pharmacopoeias,  and  which  was  prepared  by 
rubbing  in  a  mortar  40  parts  of  mercury  with  2  or  3  parts  of  alcohol  and 
25.5  parts  of  iodine  added  in  small  portions  at  a  time.  The  present 
official  process,  which  yields  the  yellow  iodide,  consists  in  precipitating 
a  solution  of  mercurous  nitrate  with  one  of  potassium  iodide: 

Hg2(NOs)2     -i      2KI     -     Hg2l2      j      aKNOs. 

The  precipitate  is  directed  to  be  washed  with  alcohol  to  remove  the  last 
traces  of  mercuric  salt,  and  to  be  kept  in  dark  amber-colored  vials, 
with  the  least  possible  exposure  to  light. 

Properties. — ^The  official  salt  is  "a  bright  yellow,  amorphous  powder, 

odorless  and  tasteless.     By  exposure  to  light  it  becomes  darker  in  pro- 
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portion  as  it  undergoes  decomposition  into  metallicmercury  and  mercuric 
iodide/'  The  green  mercurous  iodide  owes  its  color  to^the  "admixtlire 
with  it  of  metallic  mercury  and,  perhaps,  some  mercuric  iodide. 

Mercurous  iodide  is  nearly  insoluble  in  water,  and  entirely  insoluble 
in  alcohol  or  ether. 

On  the  careful  application  of  heat  to  290°  the  salt  melts  to  a  black 
liquid,  and  then  sublimes  in  yellow  crystals.  The  sublimation  begins  as 
low  as  120°. 

d^rcuric_  Iodide,  Hglg.  Hydrargyri  lodidum  Rubrum,  U.S. P. — 
This  salt  is  prepared  by  taking  mercuric  chloride,  40  parts,  potassiiun 
iodide,  50  parts,  each  in  a  sufficient  quantity  of  water,  and  pouring  the 
two  solutions  simultaneously  and  in  a  thin  stream,  with  active  stirring, 
into  2000  parts  of, distilled  water:  •  l.. 

^     O^'^iN^      HgCii     4  "2KI       r     Hgia      t      2KCI. 


The  precipitate  is  well  washed,  dried  in  the  dark  between  folds  of 
filter  paper  at  a  temperature  not  exceeding  40*^.  The  product  should  be 
kept  excluded  from  the  light.  Mercuric  iodide  may  also  be  prepared 
by  rubbing  in  a  mortar  20  parts  of  mercury,  moistened  with  2  or  3  parts 
of  alcohol,  and  25.5  parts  of  iodine,  until  a  uniform  product  is  obtained. 

Properties. -3;;:Mercuric  iodide  is  a  scarlet-red,  amorphous  powder, 
without  odor  or  taste.  It  is  almost  insoluble  in  water;  soluble  in  1 16  parts 
'^-'  of  alcohol  at  25°,  and  in  15  parts  of  boiling  alcohol.  Since  the  salt  is 
soluble  in  solution  of  potassium  iodide  and  solution  of  mercuric  chloride, 
it  is  important  in  its  preparation  that  the  proportion  of  these  two  salts  be 
properly  adjusted. 

On  the  careful  application  of  heat  the  salt  melts  at  253^  to  a  dark- 
yellow  liquid.  It  slowly  sublimes  without  decomposition,  forming  yel- 
low, rhombic  crystals,  which  after  some  time  become  red. 

Mercuric  iodide  readily  forms  double  salts  with  the  iodides;  for  instance,  from 
its  hot,  saturated  solution  in  potassium  iodide  there  separates  first  mercuric 
iodide,  and  then  by  further  coolmg  or  evaporation  a  double  salt  having  the  com- 
position Hgl2.KI.i  iH20,  in  yellow  prisms.  This  compound,  under  the  name  of 
Mayer's  solution,  is  a  useful  alkaloidal  reagent.  A  similar  compound  with  am- 
monium iodide  is  known. 

Mercurous  Fluoride,  HgaF2,  is  formed  by  digesting  calomel  with  silver  fluoride; 
it  forms  in  small,  yellow  crystals,  soluble  in  water. 

Mercuric  Fluoride,  HgF2.2HaO.  forms  as  a  white,  crystalline  mass  when  mer- 
curic chloride  is  treated  with  an  excess  of  hvdrofluoric  acid. 


/ . 
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Mercuroiis  Oxide,  Hg.^0,  is  obtained  by  precipitating  mercurous  nitrate 
with  sodium  or  potassium  hydroxide.  The  product  is  an  odorless  and 
tasteless  brownish-black  powder,  insoluble  in  water,  and  readily  decom- 
posed into  mercuric  oxide  and  mercury. 

Mercuric  Oxide,  HgO. — ^The  Pharmacopoeia  recognizes  two  varieties 
of  mercuric  oxide,  the  yellow,  Hydrargyri  Oxidum  Flavum,  and  the 
red,  Hydrargyri  Oxidum  Rubrum,    The  yellow  variety  is  prepared  by 
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pouring  a  solution  of  100  grams  of  mercuric  chloride  in  1000  cubic 
centimeters  of  water  into  a  solution  of  40  grams  of  sodium  hydroxide 
(90  per  cent,  strength)  in  1000  cubi,c  centimeters  of  water:  ..   / 

HgCl2     4      2NaOH     -      HgO     -t      aNaCl     -f      H9O. 

The  pi^pitaie  is  wett "washed",  and  dried  at  a  temperature  below  30^ 
without  exposure  to  light.    -    ,  •'        '  •    "*  3  /-/</  ">'  'V  .^  ♦  *"/!  v  ^1-  -^ 

The  red  mercuric  oxide,  or  red  precipitate,  is  prepared  by  dissolving 
10  parts  of  mercury  in  30  parts  of  nitric_acid  (25  per  cent.),  evaporating 
to  dryness,  and  tRen  ficaFmg  oh  a  sandbath  so  long  as  yellowish  vapors 
escape.  The  product  obtained  by  the  above  proportions  of  mercury  and 
nitric  acid  is  a  basic  mercuric  nitrate.  On  the  commercial  scale  this 
basic  salt  is  rubbed  with  10  parts  of  mercury  until  the  particles  of  the 
latter  cease  to  be  visible;  the  result  is  a  basic  mercurous  nitrate  which, 
on  heating,  yields  mercuric  oxide. 

Properties. — The  yellow  oxide  is  officially  described  as  "a  light 
orange-yellpw,  aniorphous,  heavy,  impalpable  powder,"  while  the  red 
oxide  is  stated  to  consist  of  "heavy,  orange-red,  crystalline  scales,  or  a 
crystalline  powder,  becoming  more  yellow  the  finer  it  is  divided."  Both 
varieties  are  odorless,  with  a  metallic  taste,  and  permanent  in  the  air. 
The  yellow  oxide  darkens  on  exposure  to  light.  Both  are  almost  insoluble 
in  water,  iiisoluble  in  alcohol,  but  readily  and  completely  soluble  in 
dilute  hydrochloric  or  nitric  acid,  forming  colorless  solutions.  On  the 
application  of  heat  both  oxides  become  darker  in  color,  the  yellow  be- 
coming of  a  reddish  color,  and  at  a  low  red  heat  they  are  completely 
dissipated  into  oxygen  and  mercury. 

Uses. — ^The  oxides  of  mercury  are  used  in  the  preparation  of  some  of 
the  mercurial  salts,  and  in  medicine  for  external  use. 

OXYGEN  SALTS  OF  MERCURY. 

Mercurous  Chlorate,  Hg2(C'103)2»  is  formed  when  mercurous  oxide  is  dissolved 
in  chloric  acid,  and  the  solution  evaporated  at  ordinary  temperatures  over  sul- 
phuric acid.  It  is  deposited  in  rhombic  prisms  which  decompose  at  250**,  and 
when  heated  with  organic  matter  deflagrate  violently. 

Mercuric  Chlorate,  Hg(C103)2.H20. — This  salt  is  obtained  by  dissolving  mercuric 
oxide  in  warm  chloric  acid.    It  crystallizes  on  cooling  in  small,  rhombic  pyramids. 

Mercurous  Sulphate,  Hg2S04,  is  prepared  by  heating  concentrated  sulphuric 
acid  with  an  excess  of  mercury.  It  is  a  dark,  crystalline  powder,  which  melts  when 
heated  and  solidifies  on  cooling  into  a  crystalline  mass. 

AI  ere  uric  SuLpkaU^  HgS04. — This  salt  is  obtained  as  a  white,  crystalline  mass 
by  heating  mercury  with  an  excess  of  sulphuric  acid.  The  solution  in  sulphuric 
acid  is  assisted  by  the  addition  of  nitric  acid.  When  gently  warmed  mercuric  sul- 
phate becomes  yellow,  then  red,  and  at  a  stronger  heat  is  decomposed  into  mercury, 
oxygen,  sulphur  dioxide,  and  mercurous  sulphate.  When  mercuric  sulphate  is 
thrown  into  water  it  is  decomposed  into  the  basic  salt. 

Hydrargyri  Subsulphas  Flavus,  or  Turpeth  Mineral. — ^This  salt  is 
prepared  by  dissolving  100  grams  of  mercury  in  a  mixture  of  30  cubic 
centimeters  of  sulphuric  acid  and  25  cubic  centimeters  of  nitric  acid, 
and,  after  drying  and  powdering  the  resulting  mercuric  sulphate,  stirring 
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it  into  2  litres  of  distilled  water.   Basic  mercuric  sulphate  has  the  o 

y   position  jIg^^HgO),SO^.     It  is  a  heavy,  lempuryellow  powder,  odoil 

-y.  and  almost  tasteless";   permanent  in  the  adr.,  Solut)le  in  aooo  part 

-^y    water  at  15°,  and  in~^6oo  paft's  oTBoiIfi^  water;   ingnl^|^lA  \ry  aUvii 

readily  soluble  in  nitric  or  hydrochloric  acid.    On  the  applicatioi 

"li^t'Ibe^iF^Ums  red,  becbi^ing  yellow  again  on  cooling.     At  hij 

^^t^peratufes  il  Iff  decomposed  and  vofatilized  witEoul"leaving  i 

residue. 

Uses. — Turpeth  mineral  is  employed  in  small  doses  as  an  alterat 
and  in  larger  doses  as  ^n  emetic,  although  its  use  is  not  without  "a 
danger.  ..;,•?  ,.f^^  ^  ^^ 

Mcrctirous  X urate,  Hg2(N08)8.3HaO,  is  prepared  by  acting  on  mercury  in 
cold  with  dilute  nitric  acid.  One  part  of  mercury  is  covered  m  a  beaker  with 
parts  of  nitric  acid  (25  per  cent.)  and  set  aside  in  a  cool  place  for  several  days: 

6Hg     -I      SHNOs    -r      aH«0     =     3Hga(N08)«.aHiO     +     aNO. 

The  solution  is  allowed  to  evaporate  until  crystals  form,  when  it  is  warmed 
filtered  through  asbestos  from  tne  undissolved  mercury.  The  filtrate  yiddt 
pure  crystals  on  cooling 

Properties. — The_.ffihS.e_or. colorless. saltjeadily  loses  its  water  of  crystal] 
tion.  It  is  soluble  in  warm  water,  yielding  an  acid  solution.  In  the  presenc 
much  water  it  is  partly  decb'fhix^^d  into  a  basic  salt  of  variable  composition. 

Uses. — Mercurous  nitrate  has  some  use  in  the  laboratory  as  a  reagent,  and  e 
cially  for  the  detection  of  protein  substances  under  the  microscope.  When  t 
in  this  way  it  is  known  osMMon's  reagent,  and  is  prepared  by  dissolving  i  pai 
mercury  in  i  part  of  cooled,  coircentrated~nitric  acid.itnd  addmg  2  parts  of  disti 
water.  ^   .'  ,    i    i    ^    \"  •       '  -  ■      " 

Mercuric  Nitrate^  HgCNO,)^. — This  salt  is  official  in  solution  as  Liqi 
Hydrargyri  Nitratis.  It  is  made  by  dissolving  40  grams  of 
mercuric  oxide  in  a  mixture  of  45  grams  of  nitric  acid  and  15  gn 
of  distilled  water.  This  solution  has  a  specific  gravity  of  2.1,  and  c 
tains  60  per  cent,  of  the  salt.  When  this  solution  is  concentrated 
ordinary  temperatures  over  sulphuric  acid  it  deposits  deliquesc 
crystals  having  the  composition  2Hg(N03)2.H20.  Basic  salts  or  merci 
nitrate  are  readily  formed. 

The  solution  of  mercuric  nitrate  when  mixed  with  fat,  or  lard, 
forms  an  important  official  ointment  under  the  name  of  Unguenti 
Hydrargyri  Nitratis. 

AJcrcuroiis  Phosphate,  Hge(P04)a,  is  a  white,  amorphous,  insoluble  precipit4 
formed  by  precipitating  mercurous  nitrate  in  solution  by  a  solution  of  sodi 
phosphate. 

Mcrcitric  Phosphate,  Hg3(P04)9.  is  formed  when  solution  of  sodium  phospb 
is  added  in  excess  to  solution  of  mercuric  nitrate.  It  is  a  white  precipitate,  in« 
ble  in  water,  but  soluble  in  acids. 

Mercurous  Carbonate^  HgaCOa,  exists  as  a  light-yellow,  easily  decomposed  pi 
der;  insoluble  in  water.  It  is  prepared  by  precipitating  mercurous  nitrate  iR 
excess  of  potassium  bicarbonate.    Lipht  must  be  excluded. 

Mercuric  Carbonate.  —  This  compound  is  known  only  in  the  form  of  basic  sa 
One  of  these  has  the  formula  HgC03.2HgO,  another  HgCOa^sHeO.  The  forme 
produ(*ed  when  potassium  bicarbonate  is  added  to  solution  of  mercuric  nitn 
the  latter  is  formed  when  neutral  potassium  carbonate  is  added  to  solution 
mercuric  nitrate;  both  are  brownish-red  precipitates.  ,.^         / 

I         J  •  J  ^  •  ^■ 
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_  Atercuric  Cyanide,  Hg(CN)a,  is  prepared  by  dissolving  mercuric  oxide  in  hydro- 
cyanic acid,  or  by  boiling  i  part  of  potassium  ferrocyanide  with  2  parts  of  mercuric 
sulphate  and  8  parts  of  water.  It  is  soluble  in  8  parts  of  water,  and  may  be  crys- 
tallized from  hot,  aqueous  solution  in  neiedles.  It  readily  forms  double  salt. 
Formerly  it  was  official,  and  had  some  use  in  medicine  in  place  of  mercuric 
chloride. 

Mercuric  Cyanate,  Hg(OCN)2,  is  obtained  as  a  white,  crystalline  precipitate  by 
adding  a  solution  of  potassium  cyanate  to  one  qf  mercuric  chloride. 

Mercuric  Thiocyanate,  Hg(SCN)2,  is  prepared  by  precipitating  a  mercuric  salt 
with' potassium  thiocyanate.  This  compound  is  used  in  the  preparation  of  the 
so-called  Pharaoh's  serpents.  The  powder  is  made  into  a  plastic  mass  with  gum 
and  water,  and  then  formed  into  cones  or  cylinders.  These,  when  once  ignited, 
bum  with  a  bluish  flame,  and  yield  a  bulky  ash,  which  takes  somewhat  the  appear- 
ance of  a  serpent. 

MERCURY    AND    SULPHUR. 

.Mercuric  Sulpftj^^,  HgS. — This  compound  is  foimd  in  two  forms,  according  to 
its  method  of  preparation.  The  amorphous,  black  variety  is  produced  byjgjficip- 
itatin^  mercuric  salts  with'  hydrogen  sulphide.  The  crystalline,  red"  V^anety^is 
formed  by  sublimation  of  the  black  compound.  The  fedl5"atS0"  found  in  nature  as 
^iniuibat.  It  occurs  in  red,  hexagonal  prisms  Or  in  crystalline  masses.  The  black 
variety  was  formerly  known  as  Ethiops  mineral. 

Vermilign  is  a  very  finely  divided  red  sulphide  prepared,  usually,  by  subliming 
a  mixture  of  8  parts  of  sulphur  and  42  parts  of  mercury. 

UstfB.— ^"Mercuric  sulphide  was  formerly  used  in  medicine,  but  at  the  present 
time  it  is  rarely  employed  in  that  way.  Vermilion  and  cinnabar  are  much  used  in 
paints.  

MERCURY  AMMONIUM  COMPOUNDS.      - 

Mercurous  Ammonium  Chloride,  (NH3)aHg2Cl2. — When  calomel  is  subjected  to 
the  action  of  dry  ammonia  a  black  compound  of  the  above  composition  is  formed. 
It  is  readily  decomposed  on  heating,  or  by  exposure  to  the  air. 

Dimercurous  Ammonium  Chloride,  NHgHgaCl. — This  compound  is  formed 
when  calomel  is  treated  with  aqueous  ammonia. 

When  mercurous  nitrate  is  used  instead  of  the  chloride,  a  compound  of  some- 
what variable  composition  is  formed,  having,  presumably,  the  formula  NHgHga 
NOs.  It  was  the  mercurius  solubilis  Hahnemanni,  It  is  readily  decomposed  on 
exposure  to  light. 

Mercuric  Ammonium  Chloride,  NH^HgCL^  Hydrargyrum  Ammoni- 
atum,  U.S. P.  White  Precipitate, — ^TEis  compound  is  prepared  by  pour- 
ing a  solution  of  160  grams  of  mercuric  chloride  in  2000  cubic  centi- 
meters of  warm  water,  into  150  cubic  centimeters  of  ammonia  water 
(10  per  cent.),  keeping  the  latter  in  excess. 

HgCla     +     2NH4OH     =     NHaHgCl     -f     NH4CI   _n_2H20. 

The  precipitate  is  collected,  washed  well,  and  dried  between  the  folds 
of  bibulous  paper  at  a  temperature  not  exceeding  30^.  Light  should 
be  excluded  as  much  as  possible  during  the  process. 

Properties. — ^White  precipitate  occurs  in  **  white,  pulverulent  pieces, 
or  a  white,  amorphous  powder,  without  odor,  and  having  an  earthy, 
afterwards  styptic  and  metallic  taste.  Permanent  in  the  air.**  Jt  is 
insoluble  in  water  and  in  alcohol.  By  prolonged  washing  it  is  converted 
into  a  basic  compound  and  becomes  yellowish  in  color. 
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_  Warm_  hydrochloric,  nitric,  or  acetic  acid  readily  dissolyes_it.  The 
r,alt  is  readily  soluble  in"cotdsohition  of  ammonium  carBonate,  and  in 
warm  solution  of  sodium  thiosulphate  with  evolution  of  ammonia, 
HgNH.Cl  +  Na^SA  +  H^O  -  NH3  +  NaOH  +  NaHgClS^Oa.  When 
this  solution  is  heated,  red  mercuric  sulphide  separates. 

NaHgClSaOa  -j    HaO  --  NaCl  -j   HgS  f  HaS04 

On  the  application  of -heat  white  precipitate^  is  decomposed  without 
fusion,  and  below~?edness  it  is  completely  volatilized.  When  heated 
with  solution  of  potassium  or  soditim  hydroxide  the  salt  turns  yellow  and 
evolves  ammonia.     HgNHp  +  KOH  --   HgO  -{-  NH^  -f  KCl. 

Uses. — White  precipitate  is  a  valuabl^  rl^edy  for  external  appli- 
cation. -  -  -      " 

Other  compounds  of  mercuric  ammonium  chloride  are  known.  The  most  im- 
portant is  the  Mercuric  Diamtnonium  Chloride,  (NH8)2HgCl8,  also  known  as  fusi- 
hie  white  precipitate.  It  may  be  obtained  by  adding  20  parts  of  yellow  mercuric 
oxide  to  a  boiling  solution  of  100  parts  of  ammonium  chloride  in  350  parts  of  water. 
On  cooling,  crystals  of  the  above  composition  separate.  Towards  solvents  this 
compound  behaves  similarly  to  the  preceding  one,  but  on  the  application  of  heat 
it  readily  fuses  with  evolution  of  nitrogen  and  ammonia. 
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CHAPTER  VI. 

ALUMINUM  AND  THE  RARE  EARTHS. 

,    .  (J^Ay^      ALUMINUM. 

Symbol,  Al.         Atomic  Weight,  26.9.         Valence,  III  or  (Ala)^^ 

History. — ^Alumina,  the  oxide  of  the  metal,  has  long  been  known. 
It  was  formerly  regarded  as  identical  with  lime;  it  was  shown  to  be 
distinct  from  that  substance  by  MarggrafT  in  1754.  The  metal  was  first 
obtained  by  ^n}i1^  in  1828  by  the  reduction  of  the  chloride  by  soditim. 

OccurrcnccT^^^^he  most  abundant  sources  of  aluminum  are  the  oxide 
^and  Its  hydrates  and  the  silicates.  The  oxide  is  found  native  as  corundimi, 
of  which  the  finely  crystallized  varieties  constitute  the  gems  sapphixe 
and  ruby,  while  the  granular  variety  is  known  as  emery.  Of  the  hy- 
drates, the  monohydrate,  Al202(OH)2,  is  the. mineral  diaspore,  the  dihy- 
drate,  Al20(0H)^,  is  found  admixed  with  Jferric  oxide  in  bauxite,  and 
the  trihydrate,  AljCOH)^,  as  the  mineral  gibbsite.  Of  these  the  second 
is  by  far  the  most  important,  and  is  now  mined  both  in  France  and  in 
this  coimtry-,  in  Georgia,  and  Alabama,  as  the  chief  material  for  the  pre- 
paration of  alumina  in  the  production  of  the  metal  and  for  the  manufac- 
ture of  alum.  A  double  fluoride  of  aluminum  and  sodium  is  also  found 
in  Greenland  as  the  mineral  cryolite ;  a  basic  sulphate  is  found  as  alunite ; 
and  lastly  numerous  silicates  are  found  in  the  various  clays,  of  which 
kaolin  or  porcelain  clay  is  the  purest. 

Preparation. — The  first  working  process  for  the  manufacture  of  alurtiinum  is 
due  to  Deville.  who  developed  and  improved  WOhler's  method,  using  the  double 
chloride  of  attiminum  and  sodium,  which  he  caused  to  react  with  metallic  sodium, 
according  to  the  reaction : 

AliiCle.aNaCl     -h     6Na     -=     Ala     +     i2NaCl. 

This  process,  elaborated  in  1855,  remained  the  sole  one  for  its  manufacture  for 
thirty  years.  It  was  an  expensive  method,  however,  in  that  it  involved  the  use  of 
the  costly  metal  sodium  and  because  the  reaction  was  not  capable  of  being  made  a 
continuous  one.  After  the  double  chlorides  had  been  prepared  by  the  action  of 
chlorine  upon  a  mixture  of  alumina,  charcoal,  and  common  salt,  it  was  mixed  with 
some  powdered  cryolite  (double  fluoride  of  sodium  and  aluminum)  to  give  fusi- 
bility to  the  slag,  and  placed  in  shallow  trays  with  chips  of  metallic  sodium.  This 
mixture  was  then  placed  on  the  hearth  of  a  reverberatory  furnace  previously 
heated  to  redness  and  the  doors  closed,  when  an  energetic  reaction  took  place. 
After  several  hours*  heating  the  slag  was  run  out  and  the  melted  aluminum  drawn 
off  into  ingot  moulds.  Witn  the  advent  of  cheaper  sodium  as  made  by  the  Castner 
process  (see  pages  304,  324)  the  price  of  aluminum  as  made  by  the  Deville  process 
was  greatly  reduced,  but  it  finally  was  given  up  because  of  the  introduction  of 
the  electrolytic  methods. 

In  1885  the  Cpwles  Bros.*  patent  for  the  reduction  of  alumina  (in  the  form  of 
conmdum)  by  carbon  at  the  temperature  of  the  electric  arc  was  made^  public. 
This  process  is  not  so  much  adapted  for  the  production  of  pure  aluminum  as  for 
the  formation  of  aluminum  alloys,  as  aluminum  bronzes  (copper  and  aluminum). 
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For  this  purpose  copper  is  added  to  the  mixture^of  broken  corundum  and  coke, 
which  is  paclced  in  tne  charcoal-lined  boxShown'ih  Pig.  123,  which  shows  the 
Cowles  furnace  in  plan  and  in  longitudinal  section.  The  heavy  carbon  electrodes, 
delivering  the  current  from  a  powerful  dynamo,  are  introduced  into  this  mixture 
from  the  side,  and  can  be  moved  so  as  to  change  the  distance  apart  as  the  reduction 
proceeds  and  the  conductivity  of  the  mass  changes.  The  alloy  first  obtained  will 
contain  from  15  to  20  per  cent,  of  aluminimi.  This  is  then  reduced  by  remelting 
with  copper,  so  that  alloys  of  from  5  to  10  per  cent,  of  aluminum  are  produced, 
in  which  form  they  are  sold.    Two  purely  electrolytic  processes  have  smce  been 


Fig.  123. 


Cowles  aluminum  furnace. 

introduced, — the_Heroult  process  in  1887  and  that  of  Hall  in  1889,  ^^d  these  now 
practically  monopolize  the  manufacture  of  the  pure  metal.  The  former,  as  im- 
proved and  carriea  out  on  a  large  scale  at  Neuhausen  on  the  Rhine,  in  Switzerland, 
is  illustrated  in  Fig.  124.  The  positive  electrode  here  is  a  bundle  of  carbon  plates, 
and  is  suspended  in  the  molten  bath,  while  the  negative  electrode  is  of  metal,  and 
is  introduced  from  below,  where  the  metal  may  also  be  drawn  off.  The  material 
to  be  electrolyzed  is  a  mixture  of  cryolite  and  alumina.  The  Hall  process,  as  worked 
by  the  Pittsburg  Reduction  Co.,  electrolvzes  a  bath  of  a  double  fluoride  of  alumi- 
num and  sodium,  to  which  alumina  is  acfded,  from  time  to  time,  to  regenerate  the 
bath  and  re-form  the  fluoride  decomposed.  The  metal  made  by  this  process  is 
very  pure,  running  over  99  per  cent.  The  Pittsburg  Reduction  Co.,  in  their  two 
plants  located  at  Niagara  Falls,  have  a  capacity  of  11,000  pounds  per  day.  The 
total  production  of  aluminum  in  the  United  States  in  1903  was  7,500,000  poimds 
valued  at  $2,284,900,  and  in  1904,  8,600,000  jKDunds  valued  at  $2,477,000.  This 
is  almost  half  of  the  world's  production  at  present. 

Properties. — ^Aluminum  is  a  bluish-white  metal  of  high  lustre,  and 
a  specific  gravity  of  2.56  when  cast,  and  2.74  when  drawn  into  wire.  It 
is  a  little  softer  than  silver,  but  its  ductility  allows  it  to  be  drawn,  punched, 
or  spun  into  almost  any  form.  It  fuses  at  660°,  being  intermediate 
between  zinc  and  silver.  It  is  practically  non-tamishable  in  the  air, 
either  dry  or  moist,  and  hydrogen  sulphide  has  no  action  upon  it.  It  is 
not  acted  upon  by  water  at  any  temperature.  Sulphuric  acid  does  not 
attack  it,  nitric  acid  only  slowly  at  a  boiling  temperature,  but  hydro- 
chloric acid,  both  dilute  and  concentrated,  dissolves  it  rapidly.  Solu- 
tions of  the  alkaline  hydroxides  also  attack  it  rapidly,  dissolving  it  with 
evolution  of  hydrogen  and  the  formation  of  an  alkaline  aluminate. 

Uses. — ^Aluminum  is  used  in  large  and  increasing  "amounts  for  fancy 
and  useful  articles  because  of  the  two  qualities  of  lightness  and  freedom 
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from  tarnish.  It  is  peculiarly  adapted  for  culinary  vessels,  as  the  effect 
of  vegetable  juices  and  acids  upon  it  has  been  shown  to  be  less  than  upon 
tin  and  copper.  The  alloys  of  aluminum,  however,  from  a  commercial 
point  of  view,  form  its  most  important  applications.  Of  these,  first  in 
importance  are  the  alloys  with  copper.»_known^  as  aluminum  bronzes. 


and  composed  of  90-95  per  cent,  copper  and  5-10  per  cent,  aluminum. 
These  alloys  are  superior  to  brass  in  tensile  strength,  and  afford  superior 
castings.  The  addition  of  a  very  small  amount  of  aluminum  to  other 
metals  seems,  in  many  cases,  to  allow  of  superior  castings  being  made. 
Thus,  from  0.02  to  0.04  per  cent,  of  aluminum  added  to  steel  greatly  im- 
proves it;  o.oi  per  cent,  of  aluminum  added  to  zinc  makes  the  molten 
metal  thinner,  and  reduces  the  amount  of  oxidation  that  takes  place  in 
the  galvanizing  process;  magnalium  is  a  valuable  alloy  of  magnesium 
and  aluminum.  The  aluminum  scale  beams  now  made,  which  combine 
rigidity  with  lightness,  contain  3  per  cent,  of  silver  and  a  per  cent,  of 
copper. 

ALUMINUM  AND  THE  HALOGENS. 
Aluminum  Chloride,  A1,C1,  or  AlCl,. — At  the  boiling  point  the  density 
of  the  chloride  corresponds  to  the  formula  AljClj,  but  above  450°  dis- 
sociation takes  place  and  the  formula  is  AlCl,.  Hence  the  latter  formula 
is  now  frequently  used.  The  chloride  is  obtained  by  the  action  of  chlo- 
rine at  a  red  heat  upon  a  mixture  of  alumina  and  carbon.  Clay  may  be 
used  instead  of  alumina,  but  bauxite  is  almost  universally  employed, 
and  from  it  alumina  ts  prepared.  Aluminum  chloride  is  obtained  in 
this  way  by  sublimation  in  white  hexagonal  leaflets.     It  is  vear  deli- 
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portion  as  it  undergoes  decomposition  into  metallicmercury  and  mercuric 
iodide."  The  green  mercurous  iodide  owes  its  "color ~tb"the 'admixture 
with  it  of  metaUic  mercury  and,  perhaps,  some  mercuric  iodide. 

Mercurous  iodide  is  nearly  insoluble  in  water,  and  entirely  insoluble 
fv      in  alcohol  or  ether. 
<         On  the  careful  application  of  heat  to  290°  the  salt  melts  to  a  black 
\     liquid,  and  then  sublimes  in  yellow  crystals.     The  sublimation  begins  as 
V     low  as  120^. 

--M^acuric^odide,  Hglg.  Hydrargyri  lodidum  Rubrum,  U.S. P. — 
This  salt  is  prepared  by  taking  mercuric  chloride,  40  parts,  potassiiun 
iodide,  50  parts,  each  in  a  sufficient  quantity  of  water,  and  pouring  the 
two  solutions  simultaneously  and  in  a  thin  stream,  with  active  stirring, 
into  2000  parts  of, distilled  water:  .1^ 

^     \^^^y\        HgCii     -h'^aKI     ^     Hgia     -      2KCI. 

The  precipitate  is  well  washed,  dried  in  the  dark  between  folds  of 
filter  paper  at  a  temperature  not  exceeding  40^.  The  product  should  be 
kept  excluded  from  the  light.  Mercuric  iodide  may  also  be  prepared 
by  rubbing  in  a  mortar  20  parts  of  mercury,  moistened  with  2  or  3  parts 
of  alcohol,  and  25.5  parts  of  iodine,  until  a  uniform  product  is  obtained. 

Properties. -^jAlercuric  iodide  is  a  scarlet-red,  amorphous  powder, 
without  odor  or  taste.  It  is  almost  insoluble  in  water;  soluble  in  1 16  parts 
of  alcohol  at  25°,  and  in  15  parts  of  boiling  alcohol.  Since  the  salt  is 
soluble  in  solution  of  potassium  iodide  and  solution  of  mercuric  chloride, 
it  is  important  in  its  preparation  that  the  proportion  of  these  two  salts  be 
properly  adjusted. 

On  the  careful  application  of  heat  the  salt  melts  at  253°  to  a  dark- 
yellow  liquid.  It  slowly  sublimes  without  decomposition,  forming  yel- 
low, rhombic  crystals,  which  after  some  time  become  red. 

Mercuric  iodide  readily  forms  double  salts  with  the  iodides;  for  instance,  from 
its  hot,  saturated  solution  in  potassium  iodide  there  separates  first  mercuric 
iodide,  and  then  by  further  coohng  or  evaporation  a  double  salt  having  the  com- 
position Hgl2,KI.i  JH2O,  in  yellow  prisms.  This  compound,  under  the  name  of 
Afayer's  solution,  is  a  useful  alkaloidal  reagent.  A  similar  compound  with  am- 
monium iodide  is  known. 

Mercurous  Fluoride,  Hg2F2,  is  formed  by  digesting  calomel  with  silver  fluoride; 
it  forms  in  small,  yellow  crystals,  soluble  in  water. 

Alercuric  Fluoride,  HgF2.2H20,  forms  as  a  white,  crystalline  mass  when  mer- 
curic chloride  is  treated  with  an  excess  of  hydrofluoric  acid. 
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Mercurous  Oxide,  Hg20,  is  obtained  by  precipitating  mercurous  nitrate 
with  sodium  or  potassium  hydroxide.  The  product  is  an  odorless  and 
tasteless  brownish-black  powder,  insoluble  in  water,  and  readily  decom- 
posed into  mercuric  oxide  and  mercury. 

Mercuric  Oxide,  HgO. — ^The  Pharmacopoeia  recognizes  two  varieties 
of  mercuric  oxide,  the  yellow,  Hydrargyri  Oxidum  Flavum,  and  the 
red,  Hydrargyri  Oxidum  Rubrum.    The  yellow  variety  is  prepared  by 
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pouring  a  solution  of  100  grams  of  mercuric  chloride  in  1000  cubic 
centimeters  of  water  into  a  solution  of  40  grams  of  sodium  hydroxide 
(90  per  cent,  strength)  in  1000  cubic  centimeters  of  water:  .,   / 

HgCla     -f      2NaOH      -     HgO      f     2NaCl     -f      HaO. 

The  precipitate  is  well  washedT  aiid  dried  at  a  temperature  below  30*^ 
without  exposure  to  light.     -.  -'  ■?        -     '       "'    '"*  ^  H^/,  ^'  '^  -^^  *  '>)  v  -^-v.  -^ 

The  red  mercuric  oxide,  or  red  precipitate,  is  prepared  by  dissolving 
10  parts  of  mercury  in  30  parts  of  nitric_aLcid  (25  per  cent.),  evaporating 
to  dryness,  and  then  Seating  on  a  sandbath  so  long  as  yellowish  vapors 
escape.  The  product  obtained  by  the  above  proportions  of  mercury  and 
nitric  acid  is  a  basic  mercuric  nitrate.  On  the  commercial  scale  this 
basic  salt  is  rubbed  with  10  parts  of  mercury  until  the  particles  of  the 
latter  cease  to  be  visible;  the  result  is  a  basic  mercurous  nitrate  which, 
on  heating,  yields  mercuric  oxide. 

Properties. — The  j^ellow  oxide  is  officially  described  as  "a  light 
orange-yell9w,  amorphous,  heavy,  impalpable  powder,"  while  the  red 
oxide  is  stated  to  consist  of  "heavy,  orange-red,  crystalline  scales,  or  a 
crystalline  powder,  becoming  more  yellow  the  finer  it  is  divided."  Both 
varieties  are  odorless,  with  a  metallic  taste,  and  permanent  in  the  air. 
The  yellow  oxide  darkens  on  exposure  to  light.  Both  arc  almost  insoluble 
in  water,  irijsoluTJle  in  alcohol,  but  readily  and  completely  soluble  in 
dilute  hydrochloric  or  nitric  acid,  forming  colorless  solutions.  On  the 
application  of  ..heat  both  oxides  become  darker  in  color,  the  yellow  be- 
coming of  a  reddish  color,  and  at  a  low  red  heat  they  are  completely 
dissipated  into  oxygen  and  mercury. 

Uses. — ^The  oxides  of  mercury  are  used  in  the  preparation  of  some  of 
the  mercurial  salts,  and  in  medicine  for  external  use. 
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Mercurous  Chlorate,  Hg2(CI03)2,  is  formed  when  mercurous  oxide  is  dissolved 
in  chloric  acid,  and  the  solution  evaporated  at  ordinary  temperatures  over  sul- 
phuric acid.  It  is  deposited  in  rhombic  prisms  which  decompose  at  250®,  and 
when  heated  with  organic  matter  deflagrate  violently. 

Mercuric  Chlorate,  Hg(C103)2.H20. — This  salt  is  obtained  by  dissolving  mercuric 
oxide  in  warm  chloric  acid.    It  crystallizes  on  cooling  in  small,  rhombic  pyramids. 

Mercurous  Sulpliate,  Hg2S04,  is  prepared  by  heating  concentrated  stilphuric 
acid  with  an  excess  of  mercury.  It  is  a  dark,  crystalline  powder,  which  melts  when 
heated  and  solidifies  on  cooling  into  a  crystalline  mass. 

Merc  uric.  SuLpkat£^  HgS04. — This  salt  js  obtained  as  a  white,  crystalline  mass 
by  heating  mercury  with  an  excess  of  "sulphuric  acid.  The  solution  in  sulphuric 
acid  is  assisted  by  the  addition  of  nitric  acid.  When  gently  warmed  mercuric  sul- 
phate becomes  yellow,  then  red,  and  at  a  stronger  heat  is  decomposed  into  mercury, 
oxygen,  sulphur  dioxide,  and  mercurous  sulphate.  When  mercuric  sulphate  is 
thrown  into  water  it  is  decomposed  into  the  basic  salt. 

Hydrargyri  Subsulphas  Flavus,  or  Turpeth  Mineral. — ^This  salt  is 
prepared  by  dissolving  100  grams  of  mercury  in  a  mixture  of  30  cubic 
centimeters  of  sulphuric  acid  and  25  cubic  centimeters  of  nitric  acid, 
and,  after  drying  and  powdering  the  resulting  mercuric  sulphate,  stirring 
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Sodium,  rubidium,  caesium,  silver,  and  thallium  alums  have  all  been 
prepared. 

Aluminum  Phosphate,  Al2(P04)2,  may  be  obtained  by  adding  a  solution  of  alum 
to  sodium  orthoohosphate.  The  mineral  wavellite  is  a  basic  aluminum  phosphate, 
2Ala(P04)2.Al2(OH)e.9H20,  occurring  in  rhombic  crystals.  Turquoise  found  in 
Persia,  Silesia,  and  Mexico  has4;he  composition  Al2(P04)2.Ala(OH)e.2H20. 

Aluminum  SilicQtis. — ^A  large  number  of  silicates  found  native  are 
double  silicates  of  altiminum  and  other  bases.  By  the  decomposition 
of  these  in  situ  pure  aluminum  silicates  are  often  formed.  Thus,  one 
of  the  most  abundant  minerals  isJddspar^  a  double  silicate  of  altmiiniun 
and  potassitim  or  soditmi.  Its  gra3ual  decomposition  with  the  elimination 
of  the  alkali  gives  rise  to  the  large  deposits  of  kaolin  or  porcelain  clay, 
a  very  pure  aluminum  silicate.  The  common  clays  found  so  abundantly 
have  resulted  either  from  similar  decomposition  of  alumintmi  silicate 
minerals  or  from  their  gradual  comminution  and  deposit  by  aqueous 
agency. 

Pottery  and  Ceramics. — The  most  important  utilization  of  the  clays  is  in  the 
manufacture  of  the-vorious  grades  of  gottery  and  earthenware. 
^""  We  may  distinguish  between  the  tnfusiole  clays,  of  which  kaolin  or  "  China 
clay"  is  an  example,  and  fusible  clays,  of  which  the  common  clays  for  earthenware 
manufacture  afford  examples.  To  these  may  be  added  the  colored  clays  used 
for  the  brick  and  terra-cotta  industry.  The  difference  in  chemical  character  of 
these  three  groups  may  be  seen  from  the  subjoined  analyses: 

Kaolin. 

Silica 46.31  percent. 

Alumina 39-9r 

Magnesia 0.44 

Lime 0.43 

Ferrous  oxide     .      .  .  0.27 

Water      .  .  1 2 .  69 

100.05 

From  kaolin,  to  which  has  been  added  a  so-called  flux,  usually  feldspar,  is  made 
porcelain.  The  materials  are  thoroughly  admixed  in  a  finely  ground  and  levigated 
condition  with  the  aid  of  water,  and  after  the  articles  are  shaped  on  the  potter's 
wheel  or  by  hand  they  are  dried  and  burned  in  the  pottery  kiln.  This  is  shown  in 
sectional  view  in  Fig.  125.  The  ware  is  placed  in  vessels  known  as  * 'saggers." 
which  are  arranged  one  above  the  other  in  columns  in  the  compartments  of  the 
kiln  as  shown  in  Fig.  126.  The  baked  ware  is  known  as  ''porcelain  biscuit,"  and  is 
then  to  be  given  a  glaze.  This  is  a  mixture  of  silicate  of  alumina  and  alkalies,  and 
is  applied  in  a  thin  cream,  dried  on,  and  then  burned  again  in  the  kiln  at  a  tem- 
perature sufficient  to  cause  uniform  fusion  on  the  surface. 

Cements. — The  natural  calcareous  clays  and  artificial  mixtures  of 
similar  composition  are  used  in  the  manufacture  of  hydratdic  mortars 
or  cements.  Common  or  Roman  cements  are  prepared  by  burning 
natural  calcareous  clays  or  cement-rock  at  a  temperature  short  of  that 
required  to  cause  the  sintering  of  the  mass.  Portland  cement,  on  the 
other  hand,  is  made  from  mixtures  of  limestone  and  clav  or  natural 
cement-rock,  of  such  composition  that  when  burned  the  product  will 
contain  from  55  to  60  per  cent,  of  lime,  from  22  to  25  per  cent,  of  silica, 
and  some  7  per  cent,  of  alumina.    This  variety  is  also  burned  until  the 
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^__Mf^c^^j^  Cyanide,  Hg(CN)2,  is  prepared  by  dissolving  mercuric  oxide  in  hydro- 
cyanic acid,  or  by  boiling  i  part  of  potassium  ferrocyanide  with  2  parts  of  mercuric 
sulphate  and  8  parts  of  water.  It  is  soluble  in  8  parts  of  water,  and  may  be  crys- 
tallized from  hot,  aqueous  solution  in  needles.  It  readily  forms  double  salt. 
Formerly  it  was  official,  and  had  some  use  in  medicine  in  place  of  mercuric 
chloride. 

Mercuric  Cyanate,  Hg(C)CN)2,  is  obtained  as  a  white,  crystalline  precipitate  by 
adding  a  solution  of  potassium  cyanate  to  one  of  mercuric  chloride. 

Mercuric  Thiocyanate,  Hg(SCN)2,  is  prepared  by  precipitating  a  mercuric  salt 
with  •potassium  thiocyanate.  This  compound  is  used  in  the  preparation  of  the 
so-called  Pharaoh's  serpents.  The  powder  is  made  into  a  plastic  mass  with  gum 
and  water,  and  then  formed  into  cones  or  cylinders.  These,  when  once  ignited, 
bum  with  a  bluish  flame,  and  yield  a  bulky  ash,  which  takes  somewhat  the  appear- 
ance of  a  serpent. 

MERCURY    AND    SULPHUR. 

Mercuric  Sulphide,  HgS. — This  compound  is  foimd  in  two  forms,  according  to 
its  method  of  preparation.  The  amorphous,  black  variety  is  produced  by^;^cip' 
itating  mercuric  salts  with  hydrogen  sulphide.  The  crystalline,  red  Vane.ty_is 
formed  by  sublimation  of  the  black  compound.  The  fed  Isr also  found  in  nature  as 
^cinhabgx.  It  occurs  in  red,  hexagonal  prisms  or  in  crystalline  masses.  The  black 
variety  was  formerly  known  as  Ethiops  mineral. 

Vermilion  is  a  very  finely  divided  red  sulphide  prepared,  usually,  by  subliming 
a  mixture  of  8  parts  of  sulphur  and  42  parts  of  mercury. 

Uses.— Mercuric  sulphide  was  formerly  used  in  medicine,  but  at  the  present 
time  it  is  rarely  employed  in  that  way.  Vermilion  and  cinnabar  are  much  used  in 
paints.  •■— 

MERCURY  AMMONIUM  COMPOUNDS.      - 

Mercurous  Ammonium  Chloride,  (NH8)2Hg2Cla. — When  calomel  is  subjected  to 
the  action  of  dry  ammonia  a  black  compound  of  the  above  composition  is  formed. 
It  is  readily  decomposed  on  heating,  or  by  exposure  to  the  air. 

Dimercurous  Ammonium  Chloride,  NH2Hg2Cl. — This  compound  is  formed 
when  calomel  is  treated  with  aqueous  ammonia. 

When  mercurous  nitrate  is  used  instead  of  the  chloride,  a  compound  of  some- 
what variable  composition  is  formed,  having,  presumably,  the  formula  NH2Hg2 
NOs.  It  was  the  mercurius  solubilis  Hahnemanni.  It  is  readily  decomposed  on 
exposure  to  light. 

Mercuric  Ammonium  Chloride,  NHjHgCl^  Hydrargyrum  Ammoni- 
atum,  U.S. P.  White  Precipitate. ^Tmscompound  is  prepared  by  pour- 
ing a  solution  of  160  grams  of  mercuric  chloride  in  2000  cubic  centi- 
meters of  warm  water,  into  150  cubic  centimeters  of  ammonia  water 
(10  per  cent.),  keeping  the  latter  in  excess. 

HgCl2    4-     2NH4OH    -=    NH2HgCl    -f     NH4CI   J^    2H2O. 

The  precipitate  is  collected,  washed  well,  and  dried  between  the  folds 
of  bibulous  paper  at  a  temperature  not  exceeding  30°.  Light  should 
be  excluded  as  much  as  possible  during  the  process. 

Properties. — White  precipitate  occurs  in  "white,  pulverulent  pieces, 
or  a  white,  amorphous  powder,  without  odor,  and  having  an  earthy, 
afterwards  styptic  and  metallic  taste.  Permanent  in  the  air."  Jt  is 
insoluble  in  water  and  in  alcohol.  By  prolonged  washing  it  is  converted 
into  a  basic  compound  and  becomes  yellowish  in  color. 
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Ultramarine  is  a  blue  coloring  matter,  consisting  of  silica,  alumina, 
soda,  and  sulphur,  first  found  in  the  rare  and  costly  mineral  lapis  lazuli, 
biit  since  Tft^S  made  artificially.  A  mixture  of  kaolin,  cKarcOal,  and 
sodium  sulphate  or  carbonate  is  heated  to  reaneSBTri'closed  fire-"clay 


crucibles,  and  the  green  mass  thus  formed  is  ground  to  powder  and 
then  roasted  in  thin  layers  with  flowers  of  sulphur  until  the  required 
blue  shade  is  obtained.  Part  of  the  sodium  in  ultramarine  is  combined 
as  a  double  silicate  with  alumina,  and  part  is  present  as  sulphide.  Hence, 
when  ultramarine  is  heated  with  hydrochloric  acid,  hydrogen  sulphide 
is  evolved  and  the  blue  color  is  destroyed. 

Violet  and  red  ultramarines  are  also  prepared  at  present  by  conducting 
dry  hydrochloric  acid  gas  and  air  over  common  ultramarine  at  ioo°-i  50°. 
The  present  annual  production  of  ultramarine  is  about  9000  tons,  of 
which  Germany  produces  6500  tons. 

Aluminum  Carbonalt'.* — A  compound  of  alumina  with  carbon  dioxide,  having 
the  com[>ositiiiii  ('Oa.iAlaOa.SHO.  is  said  to  hi;  formed  when  solutions  of  aluminum 
salts  arc  preoipilati'd  in  the  cold  with  solutions  ()f  alkaline  carbonates.  The  pr«- 
eifntate  is  opa<iuc  and  separutus  fn)m  the  liquid  with  case.  In  the  dry  state  it  is 
pulverulent  and  jierfoctly  white.  When  it  is  treated  with  an  acid  it  dissolves,  giv- 
Jnc  rise  to  abiindaiil  liberation  of  carlion  dioxide.  This  behavior  distinguishes 
the  cumpoimd  from  nlummum  hydro.iide,  which  is  obtained  by  mixing  boiling 
s-jlulions  of  alum  and  sodium  carbonate.     '^^- ■'   '-   ■*--' '  " 
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RARE   EARTHS   AND   METALS. 

In  some  relatively  rare  minerals,  like  cerite,  gadolinite,  allanite,  monazite,  and 
samarskite,  occur  a  number  of  metals,  the  oxides  of  which  are  very  analogous  to 
alumina  in  chemical  characters.  They  will  be  briefly  enumerated,  and  their  rela- 
tionships in  the  list  of  elements  pointed  out. 

Scandium  (Sc  -  43.8)  is  contained  in  euxenite  and  gadolinite.  Its  oxide,  SC2O8, 
is  a  white,  infusible  powder  like  magnesia.  It  forms  a  hydroxide  Sc(0H)8,  and  a 
double  sulphate,  KaSc (804)3,  which  is,  however,  not  an  alum  and  is  insoluble  in 
potassium  sulphate  solution.  It  is  interesting  as  having  been  discovered  since 
the  announcement  of  the  periodic  system  theory,  and  as  filling  a  place  pointed  out 
in  that  system  by  its  autnor  MendeliSeff . 

Yttrium  (Yt  -  88.3)  is  mostly  obtained  from  gadolinite.  It  forms  a  potassium 
double  sulphate,  soluble  in  potassium  sulphate  solution,  and  thus  separable  from 
cerium,   lanthanum,  and  didymium. 

Lathanunt  (La  -  137. 9)  has  been  obtained  by  the  electrolysis  of  its  chloride  as 
a  white  metal,  malleable  and  ductile  and  with  a  specific  gravity  of  6.16.  Its  oxide 
is  a  white,  infusible  powder  while  its  hydroxide  is  strongly  basic  and  forms  salts. 

Ytterbium  (Yb  -  1717)  is  obtained  from  the  so-called  erbium  earths  by  frac- 
tional decomposition  of  the  mixed  nitrates  by  heating.  Its  oxide,  YbaOs,  is  a  white, 
infusible  powder,  of  specific  gravity  9.17. 

These  four  elements  form  a  sub-group  of  basic  elements,  attaching  to  aluminum 
in  the  third  group  of  the  periodic  system  (see  p.  299). 

Cerium  (Ce  -  139.2)  occurs  in  cerite  to  the  amount  of  60  per  cent,  of  the  oxide. 
The  metal  lias  been  obtained  by  the  electrolysis  of  the  chloride.  It  is  very  sim- 
ilar to  lanthanum,  but  bums  more  readily.  Its  specific  gravity  is  6.72.  It 
forms  two  oxides,  CegOs  and  CeOa.  The  salts  of  the  sesquioxide  are  colorless, 
while  those  obtained  ffom  the  dioxide  are  yellow  or  brown. 

.i    .■■■■■.'      .'-. 
Cerium  Oxalate  (Cerii  Oxalas,  U.S. P.)  "forms  a  fine,  white  powder, 

without  odor  or  taste,  and  permanent  in  the  air.  Insoluble  in  water, 
alcohol,  ether,  or  in  solutions  of  potassium  or  sodium  hydroxide;  insolu- 
ble in  cold  but  soluble  in  hot  diluted  sulphuric  or  hydrochloric  acid. 
When  heated  to  redness  it' is  decomposed,  leaving  a  residue  of  reddish 
brown  eerie  and  other  rare  earth  oxides  constituting  not  less  than  47 
per  cent,  of  the  salt. "  This  official  cerium  oxalate  is,  however,  not  pure 
but  is  "a  mixture  of  the  oxalates  of  cerium,  didymium,  and  lanthanum 
and  of  other  rare  earths  of  this  group."  The  cerium  salt  contained  is 
Ce^{CJO^)^.  Cerium  nitrate  has  also  been  employed  in  medicine,  although 
not  official.  The  cerium  salts  arc  nervine  tonics,  and  useful  in  cases 
of  vomiting  and  dyspepsia. 

The  Welsbach  burner  or  lamp  consists  of  a  Bunsen  burner  and  a  conoidal  gauze 
or  mantle.  The  Bunsen  burner  is  attached  to  the  usual  outlet  for  gas.  The  mantle 
is  composed  of  the  oxides  of  rare  metals,  especially  those  of  thorium,  cerium,  and 
zirconium,  and  is  supp>orted  above  the  burner  in  such  a  way  that  it  is  heated  to 
whiteness  by  the  non-luminous  flame  of  the  burner.  The  light  is  emitted  by  the 
white-hot  mantle. 

Didymium  forms  two  oxides,  DiaOs  and  DiaOo.  The  salts  of  didymium  by  frac- 
tional crystallization  can  be  broken  up  into  salts  of  what  are  apparently  two  dis- 
tinct elements,  Neo  dymium  (Nd  T42.5)  and  Praseo-dymtum  (Pr  -  139.4). 
The  salts  of  the  first  are  rose-red  and  of  the  second  yellowish-green  in  color. 

Samarium,  (Sm  -  149.2)  was  discovered  in  samarskite.  It  is  very  similar  to 
didymium. 

Erbium  (Er  —  164.8)  forms  an  oxide,  EraOs,  of  white  color,  and  has  not  certainly 
been  obtained  as  yet  pure. 

Terbium  (Tb--  158.8)  occurs  in  large  amount  in  samarskite.  The  oxide  has  an 
orange-yellow  color,  and  otherwise  resembles  the  oxide  of  erbium. 

These  elements  all  form  sesquioxides,  but  are  not  as  closely  related  to  aluminum, 
as  thev  seem  to  form  higher  oxides  also  and  several  series  of  salts. 
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Three  heavy  metals  also  form  a  sub-group  belonging  in  the  same  group  of  the 
periodic  system  as  alumintun, — viz.,  gallium,  indium,  and  thalHum. 

Gallium  (Ga  ~  69.5)  was  discovered  in  zinc-blende  in  1875  ^Y  means  of  the  spec- 
troscope. It  also  exactly  corresponded  with  one  of  the  hypothetical  elements 
indicated  as  possible  by  Mendel6eff  in  his  periodic  system.  It  has  been  obtained 
by  the  electrolysis  of  an  ammoniacal  solution  of  its  sulphate  as  a,  white,  hard 
metal  of  sp.  gr.  5.9,  with  the  low  melting  point  of  30®  C.  It  forms  a  true  alum, 
Ga(NH4)(S04)2  -r  i2HaO. 

Indium  (In—  1131)  was  discovered  in  1863  by  the  aid  of  spectrum  analysis  in 
zinc-blendes  from  Freiberg.  It  is  a  silvery-white,  soft,  and  tenacious  metal  of 
sp.  gr.  7.42.  It  fuses  at  176°,  and  when  heated  bums  with  a  blue  flame.  The 
vapor-density  of  the  chloride  corresponds  to  the  formula  InCla.  It  forms,  however, 
a  true  alum  with  ammonium  sulphate. 

Thallium  (Tl  — -  202.6)  is  rather  widely  distributed  m  nature,  being  found  in 
traces  with  potassium  in  camallite,  in  mineral  springs,  and  in  some  pyrites  and 
zinc-blendes.  It  was  discovered  in  the  chamber  sludge  of  the  sulphuric-acid  works 
by  means  of  the  spectroscope.  It  is  a  white  metal,  as  soft  as  sodium,  and  with  a 
sp.  gr.  1 1.8.  It  fuses  at  290®,  and  oxidizes  rapidly  in  moist  air.  It  bums  with  a 
beautiful  green  flame,  whose  spectrum  shows  an  intense  green  line,  whence  the 
name,  from  i^a/.Aof,  green.    It  forms  two  series  of  salts,  derived  from  TlaO  and  TlsOs. 


CHAPTER  VII. 

THE     TIN     GROUP. 

Tin,  Germanium,  and  Lead,  with  Carbon  and  Silicon,  form  a 
group  of  the  periodic  system  (see  p.  299)  in  which  the  electro-negative  or 
acid-forming  character  becomes  weaker  as  we  pass  from  carbon  onward 
to  lead.  A  sub-group  related  to  these  includes  Titanium,  Zirconitun, 
and  Thorivun. 

TIN  (Stannum). 

Sytnbol,  Sn.  Atomic  Weight,  11 8.1.  Valence,  II  and  IV. 

For  many  ages  antecedent  to  any  progress  in  the  working  of  iron  tin 
was  known,  and  was  employed  in  the  production  of  bronze. 

The  Cassiterides,  or  "tin  islands,"  spoken  of  by  Herodotus  are  sup- 
posed to  have  been  the  British  Isles,  from  whence,  after  Caesar's  con- 
quest, tin  was  carried  to  Rome. 

Occurrence. — The  most  important  ore  of  tin  is  the  mineTal. cassiierite, 
or  tin-stone^_SnOo^  When  found  in  veins  of  rock  it  is  called  vein-  or 
mine-tin,  and  when  occurring  in  the  beds  of  water-courses,  stream^n, 

A  much  less  frequent  occurrence  is  as  sulphide,  when  it  is  usually 
associated  with  other  metals.  BesidesThe  mines  of  Cornwall,  England, 
those  in  Malacca  and  Banca  are  important,  the  last  named  furnishing 
the  purest  product,  known  a^jtr aits-tin.  Extensive  mines  are  being 
developed  in  Australia.  Tin  is  also  found  in  Saxony,  Bohemia,  Mexico, 
South  Dakota,  and  South  Carolina. 

Preparation. — When  present  in  large  qtiantity  the  ore  is  picked  out  from  the 
rock  by  hand;  but,  ordinarily,  after  stamping  the  rock  to  a  coarse  powder,  the 
quartz  and  other  minerals  are  washed  away  bv  a  stream  of  water. 

The  ore  is  then  roasted  to  expel  sulphur  and  arsenic,  and  afterwards  lixiviated  to 
remove  copper  sulphate,  which  formed  from  the  sulphide  in  the  roasting  process. 
The  washed  mass  is  mixed  with  powdered  anthracite  coal,  and  a  little  lime  or 
fluorspar  for  the  purpose  of  forming  a  slag,  and  then  reduced  on  the  hearth  of  a 
reverberatory  furnace. 

The  impure  metal  obtained  is  cast  into  ingots,  which  are  subjected  to  a  well- 
regulated  heat,  by  which  means  the  tin  is  made  to  melt  and  run  oft,  leaving  behind, 
as  a  hard  mass,  any  iron  or  copper  present. 

The  final  purification  is  effected  by  agitating  the  molten  metal.  The  lighter 
impurities  rise  to  the  surface  and  are  skimmed  off,  the  heavier  settle  to  the  bottom 
of  the  vessel,  and  from  these  the  tin  is  ladled  off  into  ingot  moulds. 

Properties. — Tin.  is  dimorphous,  crystallizing  in  forms  belonging 
to  the  isometric  and  the  quadratic  systems.  It  has  a  white,  lustrous 
appearance,  is  a  good  conductor  of  heat  and  electricity,  and,  on  account 
of  the  friction  of  its  crystalline  particles,  it  emits,  when  bent,  a  cracking 
sound,  designated  as  the  *'cry  of  tin." 

It  is  softer  than  zinc  l5trt  harder  than  lead,  with  the  exception  of 
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which  its  ductility  is  lowest  of  all  the  metals  in  common  use,  while  in 
malleability  it  is  surpassed  by  gold,  silver,  and  copperonly. 

At  IOC®  its  ductility  is  increased,  and  it  may  be  drawn  into  wire;  at 
200®  it  becomes  brittle,  and  may  be  powdered;  and  at  233°  it  melts, 
being  the  most  fusible  of  common  metals. 

The  specific  gravity  of  the  metal  is  7.25.  Metastannic  acid  is  pro- 
duced by  the  action  of  nitric  acid  upon  Jin.  Hydrochloric  acid  dissolves 
it  with  evolution  of  hydrogen  and  formation  of  chloride,  while  strong 
alkalies  act  in  a  like  manner  with  the  production   of   metastannates. 

Tin  combines  directly  with  most  of  the  non-metals,  the  character 
of  product  depending  on  the  conditions. 

'  Uses.-^In  the  form  of  granules  or  foil  pure  metallic  tin  is  directed 
by  the  United  States  Pharmacopoeia  to  be  used  for  the  preparation  of 
fresh  stannous  chloride  as  a  reagent.  The  best  tin,  hammered  to  the 
proper  thinness,  constitutes  iin-jqil,  but  ordinary  tin-foil  consists  largely 
of  lead. 

Tinned^^late  is  sheet-iron  superficially  coated  with  the  metal,  those 
product^  having  a  mixture  of  tin  and  lead  in  the  coating  being  known 
as  terne-plate.  Copper  protected  by  a  film  of  tin  furnishes  a  valuable 
material  for  the  manufacture  of  culinary  and  other  utensils.  Pins  are 
brass  wire  coated  in  the  same  manner. 

.Alloys  of  Tin. — Tin  forms  with  lead  the  useful  alloys  pewter  and  solder,  with 
antimofiytfUannia  metal,  and  with  copper  gun-metali  hronSf^l>etl'metaU  speculum- 
metal,  and  phosphor -bronze,  the  latter  owing  its  hardness  and  elasticity  to  several 
per  cent,  of  tin  introduced  as  phosphide. 

The  so-called  fusible  metals  are  alloys  which  contain  tin  as  their  most  important 
constituent.    Tin-amalgam  is  largely  used  for  silvering  mirrors. 

TIN   AND   THE   HALOGENS. 

Stannous  Chloride,  SnCl2. — The  anhydrous  salt  may  be  obtained  as  a  gray, 
fatty-looking  substance  by  heating  tin  in  hydrochloric  acid  gas,  or  by  distilling  a 
mixture  of  the  powdered  metal  and  calomel.  The  hydrous  chloride,  SnCla  -r  2HaO, 
which  is  better  known,  is  prepared  by  dissolving  the  metal  in  hot  hydrochloric 
acid.  Up>on  evaporating  tne  solution  and  cooling  the  salt  sepafaTe'5  as  colorless 
prismatic  ne^Ldles.  These  are  soluble  in  a  small  quantity  of  water,  but  are  changed 
to  stannous  hydroxychloride  by  large  quantities  of  water,  unless  hydrochloric 
acid  is  added.  At  100°  the  crystals  part  with  their  water.  Under  the  name  of 
tin-salts  stannous  chloride  finds  extensive  application  as  a  mordant  in  dyeing  and 
in  calico-printing.  It  is  a  strong  reducing. agent.  The  production  of  tin  salts  in 
the  United  States  for  the  year  1904  reached  10,676,941  lbs.,  valued  at  $1,002,980. 

Stannic  Chloride,  SnCU,  is  made  by  distilling  tin  or  its  amalgam. with  corrosive 
sublimate,  or  by  conducting  chlorine  into  a  retort  in  which  is  placed  tin-foil  or 
fused  tin.  Thus  obtained  it  constitutes  a  colorless  or  yellowish-fuming  liquid, 
having  a  specific  gravity  of  2.23.  and  a  boiling  point  oTrrj*:  IT  to  this  liquid  one- 
third  of  its  weight  of  water  be  added,  the  latter  combines  with  the  stannic  chloride, 
and  a  crystalline  mass,  known  as  butter  of  tin,  is  obtained.  By  dissolving  the  metal 
in  a  mixture  of  hydrochloric  and  nitric  acids  by  the  aid  of  a  regulated  heat,  such  a 
hydrous  compound  having  the  composition  SnQi^.  5H2O  is  obtained.  This  last 
is  the  one  best  known,  and  is  a  valuable  mordant  for" madder-red  colors.  Stannous 
and  stannic  bromides,  iodides,  and  fluorides  are  known. 

TIN   AND   OXYGEN. 

Stannous  Oxide,  SnO,  remains  when  stannous  oxalate  is  ignited  out  of  contact 
pf  air,  or  when  stannous  hydroxide  is  heated, 
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It  is. a  white  or  browtv  powder,  soluble  in  acids  and  concentrated  solutions  of 
the  alkalies;  '     ' "" 

Stannous  Hydroxide,  Sn(OH)2,  is  thrown  down  as  a  w^hite  precipitate  upon  the 
addition  of  a  hydroxide  or  carbonate  to  a  solution  of  stannous  chloride. 

Stdnnic  Oarttfe,"  SnT)2,  OccufS'Tiatrve  as  tin-stone  or  cassiterite.  Artilically  it  is 
produced  as  a  fine  white  powder  by  strongly  heating  tin  or  stannous  oxide  in  free 
access  of  air.  It  is  then  known  as^^*  putty  powder, "  and  is  used  as  a  polishing 
agent.  Ignition  of  stannic  hydroxide,  oBtained 5y  precipitation,  and  of  metastannic^ 
acid,  obtained  when  tin  is  treated  with  nitric  acid,  also  affords  it.  Stannic  acid  is 
not  easily  attacked  by  acids,  even  in  the  concentrated  state. 

Stannic  Hydroxide,  Stannic  Acid,  HaSnOs,  is  obtained  when  a  solution  of  stannic 
chloride  is  decomposed  by  an  alkaline  hydroxide,  or  when  a  solution  of  a  stannate 
is  carefully  precipitated  by  an  acid.  The  stannic  hydroxide  exhibits  acid  prop- 
erties, reddening  blue  litmus  paper. 

Metastannic  hydroxide  or  acid,  HioSnsOifi,  results  when  hot  nitric  acid  acts  on 
tin.  It  is  distinguished  from  stannic  acid  by  being  altogether  insoluble  in  nitric 
acid.  Both  compounds  dissolve  in  alkalies  to  produce  salts  known  as  stannates 
and  metastannates ;  the  latter  having  complicated  compositions. 

OXYGEN   SALTS    OF   TIN. 

By  far  the  most  important  compound  of  this  class  is  sodium  stannate,  NaaSnOs- 
^  4HaO.  It  is  prepared  either  by  fusing  the  stannic  oxide  with  alkali,  or  the  metal 
with  alkali  and  sodium  nitrate,  or  by  dissolving  the  hydrated  oxide  in  lye.  Under 
the  name  of  "preparing  salts"  it  is  extensively  employed  in  calico-printing.  The 
salt  forms  hexagonal  crystals.  The  stannates  of  the  alkali  metals  are  soluble, 
those  of  the  earthy  and  heavy  metals  insoluble,  in  water,  and  may  be  prepared  by 
precipitation  of  the  soluble  stannates.  The  metastannates  of  the  alkali  metais 
arc  also  used  in  dyeing.  Stannous  nitrate,  stannous  sulphate,  stannic  nitrate, 
and  stannic  sulphate  are  all  recognized.  The  salts  of  tin  possess  an  unpleasant 
metallic  taste  and  an  acid  reaction. 

^  TIN    AND   SULPHUR. 

Stannous  Sulphide,  SnS,  is  obtained  by  heating  together  the  metal  and  sulphur, 
or  by  precipitating  a  solution  of  stannous  chloride  with  hydrogen  sulphide. 

When  obtained  by  the  first  process  it  is  a  lead-gray,  tough,  crystalline  mass; 
from  the  second  method  of  preparation  it  is  had  as  a^brown  precipitate,  which  be- 
comes black  on  drying.  i-' 

Stannic  Sulphide,  SnSg. — This  well-known  compound  is  usually  obtained  by 
heating  together  tin-amalgam,  sulphur,  and  sal-ammoniac,  whereby  it  is  obtained 
in  gold-colored,  translucent  scales.  It  is  used  largely  for  bronzing  articles  of  gypsum 
and  wood,  and  is  known  as  "jiiosaic  gold.'* 

TIN   AND    PHOSPHORUS. 

Three  phosphides  of  tin  are  known.  They  are  lespectively  SnP,  SnsPa.  and 
SnsP.  The  last  is  the  only  one  made  use  of.  It  is  a  coarse,  crystalline  mass  formed 
by  the  union  of  the  proper  quantities  of  the  two  elements,  and  is  used  for  the  pro- 
duction of  phosphor-bronze. 

GERMANIUM. 

Symbol,  Ge.  Atomic  Weight,  71.9.  Valence,  II  and  IV. 

This  extremely  rare  element  was  discovered  in  1886  by  Winkler  in  argyrodite,  a 
silver  ore  mined  at  Freiberg. 

Upon  discovery  it  was  found  to  possess  the  exact  characteristics  of  the  hypothet- 
ical eka-silicon,  whose  properties  Mendel^efif,  by  the  aid  of  his  "Periodic  Law," 
had  predicted  in  1871. 

To  extract  the  metal,  the  powdered  mineral,  which  contains  about  7  per  cent, 
of  the  element,  is  fused  with  sodium  carbonate  and  sulphur,  the  cooled  mass  ex- 
tracted with  water,  and  the  arsenic  and  antimony  sulphides  separated  by  neutral- 
izing the  solution  with  sulphuric  acid.  The  filtered  liquid  is  mixed  with  hydro- 
chloric acid  and  saturated  with  hydrogen  sulphide,  which  precipitates  white  ger- 
manic  sulphide,  GeS2.    The  precipitate  is  washed,  dried,  and  roasted,  after  wKvtVi 
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it  is  completely  converted  into  germanic  oxide,  GcOq,  by  warming  with  strong 
nitric  acid.  By  heating  this  compound  to  redness  in  a  current  of  hydrogen  the  metal 
is  obtained  as  a  dark-gray  metallic  powder,  which  is  fused  into  a  regulus  by  a 
furnace  heat. 

Properties. — Germanium  is  a  white,  brittle  metal,  with  a  specific  gravity  of 
5.47.  From  the  fused  state  it  crystallizes  in  octahedra.  At  900°  it  melts,  and  at 
higher  temperatures  volatilizes.  Heated  on  charcoal  it  melts  to  a  metallic  globule, 
and,  like  antimony,  bums  with  a  white  smoke  and  produces  a  white  incrustation, 
both  due  to  the  formation  of  germanic  oxide,  GeOa. 

Hydrochloric  acid  fails  to  dissolve  the  metal,  which  is  readily  soluble  in  nitro- 
hydrochloric  and  also  in  concentrated  sulphuric  acids  to  form  soluble  com- 
pounds. Nitric  acid  converts  it  into  white  germanic  oxide,  GeOa,  while  concen- 
trated solution  of  potassium  hydroxide  is  without  action.  Zinc  slowly  separates 
the  metal  from  its  solutions. 

COMPOUNDS   OF  GERMANIUM. 

Like  most  of  the  members  of  the  tin  group  to  which  this  metal  through  many 
of  its  properties  is  related,  germanium  forms  two  series  of  compoimds, — viz., 
gennanous  and  gerfnanic. 

Germanous  Chloride,  GeCla,  is  a  colorless,  strongly-smelling  liquid,  obtained  by 
heating  the  powdered  metal  in  hydrochloric  acid  gas.    It  boils  at  72®. 

When  direct  union  of  the  metal  and  chlorine  takes  place,  germanic  chloride, 
GeCU,  is  produced.  In  appearance  and  odor  it  resembles  germanous  chloride,  but 
has  a  boiling  point  of  86°. 

Germanic  Iodide,  GeU,  is  an  orange-yellow  powder. 

Germanous  Oxide,  GeO,  is  obtained  Dv  decomposing  germanous  chloride  by  po- 
tassium hydroxide.  In  hydrochloric  acid  solution  it  acts  as  a  strong  reducing  agent. 
Germanic  sulphide  and  oxide  have  been  previously  mentioned. 

LEAD  (Plumbum). 

Symbol,  Pb.  Atomic  Weight,   205.35.  Valence,  II  and    IV. 

History. — Lead  has  been  known  from  the  earliest  times.  It  was 
designated  Saturn  by  the  alchemists,  who  believed  that  some  connection 
existed  between  the  metals  and  the  planets. 

Occurrence. — ^Lead  has  been  found  in  nature  uncgmbijied,  but  in 
small  quantity  only,  as  in  certain  volcanic  tufa.  The  oxides  of  lead  are 
found  in  a  few  rare  minerals.  By  far  the  most  abundant  and  important 
ore  of  lead  is  the  sulphide  or  galena,  PbS;  this  is  very  v/idely  dis- 
tributed, usually  occurring  with  quartz,  fluorspar,  calcspar,  and  heavy 
spar.  The  most  important  deposits  in  "England  are  those  of  Cornwall 
and  Cumberland.  In  the  United  States  there  are  two  localities  which 
furnish  the  chief  supply  of  lead, — ^the  Rocky  Mountrin  district,  in  which 
the  lead  is  a  by-product  in  the  preparation  of  silver,  and  the  Mississippi 
Valley  district,  in  which  galena  is  worked  for  lead  alone.  The  ores  are 
known  respectively  as  argentiferous  and  non-argentiferous,  the  former 
furnishing  by  far  the  greater  proportion  of  \Q2iAy.^Cerussit€  or  native 
carbonate,  PbCO.^,  and  anglesite  or  native  sulphate7.T^bS04,  are  ores 
of  minor  importance  when  compared  with  galena.  ^ 

The  total  production  of  lead  in  the  United  States  drnng  1904  amounted 
to  307,000  tons,  valued  at  $26,402,000.  The  total  production  of  the 
world  during  that  time  amounted  to  over  892,000  tons. 

Extraction. — Lead  is  almost  exclusively  prepared  from  galena.  In 
case  the  ore  is  nearly   free   from   other  metallic   sulphides   an3r  silica, 
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■  it  is  roasted  in  a  reverberatory  furnace,  whereby  a  part  of  the  sulphide 
is  converted  into  oxide  and  sulphate;  air  is  then  excluded,  the  tempera- 
ture is  increased,  when  the  following  reactions  take  place  with  formation 
of  metallic  lead: 

PbS    +     iPbO     =     3Pb     4     SOa. 
PbS     +    ,PbS04     --     2Pb_f      aSOa. 

This  is  known  as  the  air  reduction  process,  and  is  conducted  in  a  furnace 
as  shown  in  Fig.  1 2 7. "TTie "furnaces  are  constructed  to  hold  20  tons  of 
ore,  which  is  introduced  at  t,  and  evenly  spread  over  the  hearth,  which 


is  hollowed  out  at  B,  so  as  to  allow  the  metal  to  collect,  and  from 
which  it  can  be  drawn  out  by  a  tap-hole  into  an  iron  pot.  When 
the  ore  is  impure,  charcoal  is  used  to  assist  in  the  reduction.  Small 
quantities  of  other  metals  are  removed  by  melting  the  lead,  and  sub- 
jecting it  to  the  oxidizing  action  of  a  current  of  air  in  a  reverberatory 
furnace.  The  impurities  oxidize  first,  rise  to  the  surface,  and  are  removed 
as  slag. 

Iron  is  sometimes  used  as  a  reducing  agent.  This  is  accomplished  by 
placing  alternate  layers  of  the  ore  and  an  iron  slag  in  a  blast-furnace 
(Fig.  1 38).  In  this  process  a  portion  of  the  lead  is  reduced  by  the  metallic 
iron,  a  considerable  residue,  however,  remaining  behind  in  the  form  of 
sulphide,  together  with  the  sulphides  of  iron  and  other  metals  contained 
in  the  ore.  This  slag  or  lead  regulus  is  then  worked  up  according  to  the 
character  of  the  metals  of  which  it  is  composed.  Sometimes  copper  is  a 
constituent,  in  which  case  it  may  be  so  rich  in  that  metal  as  to  pay  for 
extracting  it. 

When  argentiferous  lead  ores  are  worked  the  process  becomes  modified 
according  to  the  richness  of  the  ore  in  silver,  or  the  lead  is  further  treated. 
If  silver  predominates,  the  ore  is  oxidized  and  cupelled  as  described 
under  that  metal.  It  is  much  oftener  the  case  that  the  lead  predomi- 
aates,  when  Pattinson's_process  is  employed.     This  consists  in  cooling 
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the  melted  metal,  when  pure  lead  first  crystallizes  out  and  is  removed 
by  perforated  ladles.  In  this  way  a  metal  very  rich  in  silver  is  obtained, 
which  is  cupelled. 

Parke's  process  for  desilvering  lead  is  based  on  the  fact  that  melt«d 
lead  and  zinc  do  not  mix  in  all  pro- 
portions. By  adding,  therefore,  a 
certain  proportion  of  zinc  to  the 
argentiferous  lead,  an  alloy  of  zinc 
and  silver  is  formed,  which  rises  to 
the  top  and  solidifies.  It  is  then 
easily  removed. 

Properties.  — Lead  is  a  bluish-gray, 
lustrous  metal ;  it  is  soft  and  malle- 
able, but  is  not  capable  of  being 
drawn  into  wire.  It  is  easily  cut 
with  a  knife,  and  when  drawn  over 
white  paper  leaves  a  gray  streak. 
Lead  melts  at  327.7°,  and  quickly 
becomes  covered  with  a  layer  of 
oxide;  at  a  red  heat  it  vaporizes 
slowly;  and  when  heated  to  white- 
ness, distils.  Melted  lead  crystal- 
lizes, when  cooled  sfdwlyr  iirfSgulaf 
octahedrons.  The  specific  gravity  of 
lead  is  11  37. 

Pure  water  does  not  dissolve  lead 
so  long  ds  air  is  excIudedT"  when, 
however  air  is  present,  lead  hydrox- 
ide lb  formed,  which  is  slightly  solu- 
ble in  water.  Rain  water  and  dis- 
tilled water  also  dissolve  minute 
quantities  of  lead;  Jiot  water  con- 
taining small  proportions  of  varioiis 
salts,  notably  chlorides  "and  sulphates. 
does  not  dissolve  the  metal.  With 
^—  most  natural  waters,  therefore,  lead 

"'   """"'^  pipes  may  be  employed.     Carbonated 

waters  should  not  be  passed  through  such  pipes,  unless  the  latter  are 
well  tinned  on  the  inner  surface. 

Concentrated  hydrochloric  or  sulphuric  acid  attacks  lead  but  slowly, 
even  when  warmed,  but  nitric  acid  dissolves  it  readily.  Weak  acids, 
hke  acetic,  will  dissolve  it  in  the  presence  of  air.  Zinc,  tin,  and  iron 
precipitate  lead  from  its  solutions. 

Uses. — On  account  of  its  power  to  resist  the  action  of  air,  water, 
and  acids,  lead  is  cmijlovcd  for  a  groat  variety  of  purposes.  Enormous 
quantities  arc  used  in  the  manufacture  of  lead  pipe.  It  is  also  the  best 
materia!  for  lining  sulphuric  acid  chambers.    Bullets  and  shot  are  made 
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of  lead;  the  latter  contain  one-half  per  cent,  of  arsenic  in  order  to  give 
them  a  spherical  form. 

Alloys  of  Lead. — Lead  enters  largely  into  the  composition  of  a  number  of 
useful  alloys.  ^Type-metal  is  composed  of  2  parts  lead,  i  part  each  of  antimony  and 
tin.  Solder  consists  driTpart  lead  and  2  parts  tin;  a  common  variety  is  made  of 
equal  parts  of  these  two  metals. 
^BstbbiU  metal  for  antifriction  bearings  consists  of  nearly  equal  amoimts  of  lead 
and  tin  with  smaller  amounts  of  antimony  and  a  trace  of  copper. 

LEAD  AND  OXYGEN. 

Lead  Suboxide,  PbaO. — ^This  compound  is  formed  on  the  surface  of  melted  lead 
when  the  temperature  is  not  too  high.  It  may  be  prepared  by  heating  lead  oxalate 
in  an  atmosphere  free  from  oxygen  and  at  a  temperature  below  300®.  It  is  a  black, 
velvety  powder,  which,  if  heated  without  access  of  air,  decomposes  into  the  metal 
and  monoxide. 

Lead  Monoxide,  PbO.  Plumbi  Oxidum,  U.S. P.  Litharge, — ^A  rare 
mineral  found  near  Vera  Cruz  is  composed  of  this  substance.  There 
are  two  varieties  of  lead  oxide  in  commerce, — namely,  massicot,  which 
is  yellow  in  color  and  prepared  by  carefully  heating  lead  carbonate  or 
nitrate  to  low  redness,  and  litharge,  which  has  been  prepared  at  a  much 
higher  temperature,  and  is  a  by-product  in  the  desilverization  of  lead 
ores.  Litharge  is  obtained  at  a  temperature  sufficiently  high  to  fuse  it, 
and  in  soHdifying  it  forms  shining,  scaly  masses,  which  are  sometimes 
of  a  yellowish  color,  but  oftener  inclining  to  red. 

Properties.— The  official  oxide  is  *'a  heavy,  yellowish,  or  reddish- 
yellow  powder,  or  minute  scales,  without  odor  or  taste.  On  exposure 
to  the  air  it  slowly  absorbs  moisture  and  carbon  dioxide."  It  is  almost 
insoluble  in  water,  but  when  left  in  contact  with  it  imparts  to  it  an  alka- 
line reaction.  It  is  insoluble  in  alcohol,  but  soluble  in  acetic  and  dilute 
nitric  acids,  and  in  solutions  of  sodium  and  potassium  hydroxides. 

On  the  application  of  heat  lead  oxide  assumes  a  brownish-red  color, 
and  at  a  red  heat  it  fuses.    When  heated  before  the  blow-pipe  on  char- 
coal it  yields  metallic  lead. 
.^^  jr  Uses. — ^Litharge  is  extensively  used  in  the  manufacture  of  flint  glass, 
*  and  is  a  constituent  of  the  glaze  used  for  earthenware.    It  is  also  useful 
as  a  starting-point  for  a  munber  of  other  lead  compounds. 

Lead  Sesquioxide,  PbaOs,  is  formed  as  a  reddish-yellow  powder  when  cold  solu- 
tion of  lead  hydroxide  in  sodium  hydroxide  is  mixed  with  a  solution  of  sodium 
hypochlorite,  or  when  a  solution  of  red  lead  in  acetic  acid  is  precipitated  by  very 
dilute  ammonia.  It  is  decomposed  by  acids  into  the  monoxide  and  dioxide,  and 
is  therefore  considered  to  be  a  mixture  of  these  two. 

Red  Lead  or  Minium,  PbaOi. — When  litharge  is  carefully  heated  this  oxide  is 
formed.  The  commercial  product  is  of  variable  composition.  It  is  used  as  a  pig- 
ment and  in  the  preparation  of  the  finer  kinds  of  flint  glass. 

Lead  Dioxide  or  Peroxide,  Pb02. — This  is  also  known  as  puce-colored  lead  oxide. 
It  is  obtained  by  boiling  lead  acetate  solution  with  solution  of  bleaching  powder, 
or  in  the  dry  way  by  heating  4  parts  of  litharge  with  8  parts  of  potassium  nitrate 
and  I  part  of  potassium  chlorate.  It  is  also  readily  obtained  by  heating  red  lead 
with  nitric  acid. 

Lead  peroxide  is  a  dark-brown,  amorphous  powder,  which  is  readily  decomposed 
bv  heat  into  lead  monoxide  and  oxygen.     It  occurs  native  in  black,  hexagonal 
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prisms  as  pJattnerite.    Lead  peroxide  has  a  strong  oxidizing  action  on  many  com- 
pounds, especially  those  of  an  organic  character. 

Lead  Hydroxiae,  Pb(OH)2,PbO. — This  is  more  properly  a  basic  hydroxide. 
It  is  obtamed  as  a  white  precipitate  when  solution  of  lead  acetate  or  nitrate  is 
treated  with  so  much  solution  of  sodium  or  potassium  hydroxide  as  is  necessary 
to  produce  an  alkaline  reaction.  It  is  insoluble  in  water,  but  easily  soluble  in 
excess  of  sodium  or  potassium  hydroxide,  forming  the  compounds  PbfONa)i  and 
Pb(0K)2.  When  solutions  of  these  are  boiled  the  yellow  or  red  leaa  oxide  sep- 
arates according  to  the  concentration  of  the  solution. 

LEAD   AND   THE   HALOGENS. 

Lead  Chloride,  PbCls,  is  found  to  some  extent  in  nature  as  the  mineral  cotunke. 
It  is  most  readily  prepared  by  adding  sodium  chloride  to  a  solution  of  lead  nitrate 
or  acetate,  althougn  it  may  be  obtained  by  dissolving  lead  in  hot  aquanegia: 

Lead  chloride  occurs  in  white,  pearly  crystals,  soluble  in  135  parts  of  cold  water 
and  in  about  30  parts  of  that  liquid  at  the  boiling  temperature.  At  498®  the  crystals 
melt,  and  on  cooling  form  a  homy  mass. 

A  number  of  oxychlorides  are  known  which  are  employed  as  pigments;  CasseVs 
yellow  is  one  of  these ;  it  is  prepared  by  heating  together  lead  oxide  and  sal-ammon- 
iac.   The  oxychloride,  PbO,PbCl2,  is  foimd  in  nature  as  the  mineral  matlockite. 

Lead  Bromide,  PbBra,  is  obtained  by  treating  a  soluble  lead  salt  with  solution 
of  potassium  bromide.    In  many  respects  it  resembles  the  chloride. 

Lead  Iodide,  Pbl^.     Plumbi  lodidum,  U.S.?. 

Preparation. — One  part  of  lead  nitrate  in  20  parts  of  water  is  poured,  with 
constant  stirring,  into  i  part  of  potassium  iodide  in  10  parts  of  water  : 

Pb(N08)a     -f     2KI     -=     Pbl2     -h    ,2iLNps- 

The  resulting  precipitate  is  collected  on  a  filter,  washed  well  with  cold  water, 
and  carefully  dried,  instead  of  the  lead  nitrate,  one  may  use  9  parts  of  lead  ace- 
tate in  90  parts  of  water  acidified  with  a  little  acetic  acid,  and  8  parts  of  potassium 
iodide  in  80  of  water. 

Properties. — ^Lead  iodide  is  a  heavy,  bright  yellow  powder,  without 
odor  or  taste;  soluble  in  about  1300  parts  of  water  at  25°  and  in  200 
parts  of  boiling  water,  "separating  from  the  latter  solution  in  brilliant, 
golden-yellow  spangles  or  crystalline  laminae.  Very  slightly  soluble 
in  alcohol,  but  soluble,  without  color,  in  solutions  of  the  fixed  alkalies, 
in  concentrated  solutions  of  the  acetates  of  the  alkalies,  of  potassium 
iodide,  and  of  sodium  thiosulphate,  and  in  a  hot  solution  of  ammonium 
chloride.  When  moderately  heated,  the  salt  fuses  to  a  thick,  reddish- 
brown  liquid,  which  congeals,  on  cooling,  to  a  yellow,  crystalline  mass. 
At  a  higher  temperature  it  is  decomposed,  with  the  evolution  of  vapors 
of  iodine,  leaving  a  lemon-yellow  residue  of  lead  oxy-iodide. '* 

Uses. — The  principal  use  of  lead  iodide  is  in  medicine,  where  it  is 
employed  externally  in  the  form  of  an  ointment. 

Lead  Fluoride,  PbFg,  is  precipitated  as  a  white  insoluble  |x>wder  when  hydro- 
fluoric acid  is  added  to  a  soluble  salt  of  lead. 

OXYGEN  SALTS  OF  LEAD. 

Lead  Sulphate,  PbS04,  is  found  in  nature  as  lead  vitriol  or  anglesite,  in  transparent 
rhombic  crystals.  These  crystals  are  isomorphous  with  those  of  strontium  and 
barium  sulphate. 
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Lead  sulphate  is  prepared  by  precipitating  lead  nitrate  or  acetate  with  sodium 
sulphate.  It  is  only  slightly  soluble  in  water  and  in  dilute  acids,  but  somewhat 
more  soluble  in  concentrated  sulphuric  acid.  Hot  concentrated  nitric  acid  dis- 
solves it,  and  it  is  readily  soluble  in  solutions  of  sodium  thiosulphate  or  ammonium 
acetate. 

Lead  sulphate  is  a  by-product  in  the  manufacture  of  aluminum  acetate  in  calico 
print-works  and  dyeing  establishments.  It  is  used  to  mix  with  other  lead  com- 
pounds in  the  manufacture  of  paint  and  in  the  manufacture  of  lead  chromate. 


Uad  Nitrate,  Pb(N03)2.     Plumbi_Nitras_^_U.S.P. 


Preparation. — ^This  salt  is  prepared  by  adding,  in  small  portions  at  a  time, 
lo  parts  of  lead  oxide  to  23  parts  of  nitric  acid  (25  per  cent.),  previously  mixed 
witn  an  equal  weight  of  water  and  warmed: 

PbO    .-[      2HNO8    --     Pb(N08)a     +     HaO. 

The  solution  is  filtered,  and,  after  the  addition  of  a  few  drops  of  nitric  acid,  is 
set  aside  to  crystallize. 

Properties. — ^Lead  nitrate  crystallizes  in  large,  anhydrous,  regular, 
mostly  octahedral  crystals,  isomorphous  with  the  nitrates  of  barium 
and  strontium.  When  these  crystals  separate  from  hot  solutions  they 
are  white  and  opaque,  but  if  formed  by  the  spontaneous  evaporation 
of  cold  solutions  they  are  transparent.  The  salt  is  soluble  in  1.85  parts 
of  water  at  25®  C.  and  in  0.75  part  of  boiling  water;  almost  insoluble  in 
alcohol.  On  the  application  61  heat  nitrous  ftmies  are  evolved  and  a 
residue  of  lead  oxide  remains. 

Uses. — ^Lead  nitrate  is  used  extensively  in  the  manufacture  of 
mordants  for  use  in  dyeing  and  calico-printing,  and  in  the  manufac- 
ture of  lead  chromate. 

Lead  Nitrite,  Pb(N02)2,  is  obtained  by  decomposing  silver  nitrite  with  lead 
chloride.  The  solution  is  concentrated  in  a  vacuvun,  when  yellow,  prismatic  crys- 
tals separate,  which  are  readily  soluble  in  water. 

Leaa  Phosphate,  Pb8(P04)2,  forms  as  a  white  precipitate  when  solutions  of  lead 
acetate  and  sodium  phosphate  are  mixed.  When  pnosphoric  acid  is  added  to  a 
boiling  lead  nitrate  solution,  lustrous,  white  crystals  having  the  composition 
PbHP04  separate. 

Lead  Borates. — A  number  of  these  salts  appear  to  exist,  one  of  which  is  obtained 
by  precipitating  a  soluble  lead  salt  with  solution  of  borax.  It  appears  to  have  the 
composition  Pb2BeOii.4HaO. 

Lead  Silicates. -^These  compounds  are  formed  in  the  manufacture  of  some  kinds 
of  glass.  When  equaT  weights  of  lead  oxide  and  silica  are  fused  together  a  yellow 
glass  is  formed. 

Lead  Carbonate,  PbCOs. — ^The  normal  lead  carbonate  is  found  in  nature  as  the 
mineral  certissite,  or  it  may  be  artificially  prepared  by  precipitating  a  solution  of 
lead  acetate  with  one  of  ammonium  carbonate.   This  compound  is  not  much  used. 

'.    ■    ' 

Basic  Uad  Carbonate,  (PbC03)2Pb(OH)2.  White  Lead.— This  com- 
pound was  known  to  the  ancients. 

Preparation. — ^White  lead  is  manufactured  on  a  large  scale  by  the  following 
processes: 

I .  The  Dutch  Process  is  the  oldest,  and  is  employed  in  Holland,  Belgium,  in  some 
parts  of  Germany,  arid  extensively  in  the  United  States,  where  it  is  often  referred  to 
as  the  *' corrosion  process. "  It  consists  in  placing  coils  or  buckles  of  lead  in  earthen- 
ware pots,  in  the  bottom  of  which  is  a  small  quantity  of  vinegar  or  crude  p3rro- 
ligneous  acid.    The  lead  is  placed  on  projections  in  the  pots  so  as  not  to  come  in 
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direct  contact  with  the  liquid;  the  walls  of  the  pots  are  perforated  just  above  the 
vinegar,  so  as  tu  allow  a  free  circulation  of  air  and  gas.  A  number  of  the  pots  are 
placed  together  as  shown  in  Fig,  1 19,  and  after  covering  each  with  a  wooden 
plate  they  are  surrounded  with  horse  manure  or  spent  tan-bark.  The  fermenta- 
tion of  the  manure  or  tan  causes  the  requisite  elevation  of  temperature  to  vaporize 
some  of  the  acetic  acid  of  the  vinegar,  which  "corrodes"  the  lead  with  the  forma- 
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tion  of  basic  lead  acetate.  This  is  slowly  converted  into  carbonate  by  the  carbon 
dioxide  which  results  from  the  fermentation.  After  some  weeks  the  lead  will  be 
found  wholly  converted  into  basic  carbonate. 

3.  In  the  English  Method  sheet-lead  is  melted  on  the  hearth  of  a  reverberatory 
furnace  so  as  to  convert  it  into  oxide,  and  this,  in  turn,  is  intimately  mixed  with  a 
small  quantity  of  solution  of  lead  acetate.  The  resulting  mass  is  placed  in  a  series 
of  closed  troughs  communicating  with  one  another,  and  so  arranged  as  to  admit 
the  passage  of  a  current  of  carbon  dioxide.  This  gas  is  obtained  by  the  combustion 
of  coke  in  a  furnace  provided  with  a  blast  to  give  impulse  to  the  gas, 

3.  TheCcrttwn  or  Austrian  Method  involves  the  action  of  acetic  acid  and  carbon 
dioxide  on  sheets  of  lead  as  in  the  Dutch  process,  but  a  large  number  of  the  lead 
coils  are  placed  in  a  room  with  vinegar  and  tan  on  the  floor.  The  tan  is  caused  to 
ferment  and  furnish  the  necessary  carbon  dioxide. 

4.  The  French  Method  consists  in  dissolving  an  excess  of  lead  or  lead  oxide  in 
acetic  acid,  so  as  to  form  basic  lead  acetate,  and  then  passing  carbon  dioxide  into 
this  solution,  by  which  means  two  molecules  of  lead  oxide  are  converted  into  basic 
carbonate,  while  neutral  acetate  of  lead  remains.  This  is  again  converted  into 
basic  acetate,  which  is.  in  turn,  decomposed  bv  more  carbon  dioxide. 

The  principle  involved  in  this  method  was  first  explained  by  Th^nard.  but  it  is 
generally  known  as  the  Clichy  Process,  because  Of  the  works  located  at  Clichy, 
near  Paris.  Fig,  130  shows  a  plan  of  these  works.  In  the  tub  a.  the  litharge'is 
dissolved  in  acetic  acid,  the  solution  being  aided  by  means  of  the  stirrer  c  e.  The 
solution  of  basic  lead  acetate  is  run  into  the  vessel  b.  where  the  impurities  subside, 
and  the  clear  solution  is  then  run  into  the  decomposing  vessel  F  F,  which  is  sup- 
plied with  several  hundred  tubes  for  the  admission  of  the  carbon  dioxide.  In  from 
12  to  16  hours  the  conversion  is  complete.  The  neutral  lead  acetate  is  run  into  the 
tank  w  and  returned  to  a,  while  the  semi-liquid  basic  lead  carbonate  is  drawn  into 
the  tank  o.    The  carbon  dioxide  is  generated  in  n  and  purified  in  the  vessel ;", 

Many  more  processes  have  been  patented  and  worked  in  a  small  wav  in  the  pro- 
duction of  white  lead,  but  it  is  probable  that  in  this  country,  as  well  :is  in  most 
foreign  countries,  the  Dutch  method  is  given  the  preference. 

The  product  in  all  the  foregoing  processes  is  finely  ground  with  water,  well 
washed  to  remove  lead  acetate,  and  finally  dried. 

Some  white  lead  is  made  from  lead  sulphate  by  heating  together  this  salt  and  solu- 
tion of  sodium  hydroxide,  whereby  a  basic  lead  sulphate  is  formed,  and  this,  by 
boiling  with  sodium  carbonate  solution,  is  converted  into  basic  lead  carbonate  and 
sodium  sulphate. 

Properties. — Basic  load  carbonate  is  a  heavy,  white,  amorphous 
powder.    It  is  without  odor  or  taste,  and  is  permanent  in  the  air.    Water 
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and  the  other  ordinary  solvents  do  not  dissolve  it,  but  acetic  acid  and 

dilute  nitric  acid  readily  dissolve  it  with  effervescence.     When  heated 

to  2oo''Tfturns  yellow  without  char  

ring,  and  gives  off  its  carbon  dioxide 

leaving  a  residue  of  oxide. 

Uses. — ^White  lead  is  frequently 

mixed  with  gypsum,  and  with  bar 

ium  sulphate  or  heavy  spar.     Ham 

burg  white  is  a  mixture   of   i    part 

white  lead  and  2  parts  barium  sul 

phate.    Dutch  white  contains  3  parts 

of  the  barium  siiTphate  to  r  part  of 

white  lead.     The  amount  of  barium 

or  calcium  salt  is  readily  determined 

by  treating  the  powder  with  warm 

acetic   or  dilute  nitric  acid,  which 

will  dissolve  only  the  lead  salt  Lead 
sulphate  is  sometimes  used  as  an 
adulterant.  The  chief  objection  to 
it  is  its  deficient  covering  power 
when  made  into  paint 

Paint  is  chiefly  made  by  gnnding 
white  lead  with  oil   and  then  thin 
ning  with  linseed  oil  or  oil  of  tur 
pentine,    according   to   the   use   to   . 
which  it  is  to  be  apphed 

LEAD  AND   SULPHUR 

Lead  Sulphide,  PbS  is  very  a  idely  dis 
tributed  in  nature  as  a  strongly  lustrous 
bluish-gray  mineral.  It  mav  be  artificial 
!y  prepared  by  passing  hydrogen  sulphide 
into  a  solution  of  lead  acetate  It  is  a 
black,  insoluble  powder  which  is  scarcel> 
fliasalved  by  hydrochloric  acid  but  con 
verted  by  hot  concentrated  nitnc  acid 
into  lead  sulphate.  '  \t,  a  red  heat  it 
melts,  and  it  may  be  sublimed  in  a  cur 
rent  of  carbon  dioxide  or  hydrogen  Lead 
sulphide  is  used  in  the  glazing  of  certain 
kinds  of  pottery-ware 

TITANIUM. 

Symbot,  Ti.         Atomic  Weiglti,  47,7. 
VaUtice.  IV. 

Occunence. — Titanium   occurs  as  ox- 
ides,   TiOs.  under  the  names  of  nitUc.  anauisc.    and    brookite,    and    in   titanates 
juch  as  CaTiOe  and  FeTiOs, 

Preparation  and  Propeitiea. — The  metal  is  a  gray,  metallic  powder,  and  has 
been  obtained  by  heating  the  double  fluoride,  KaTiFa,  with  potassium.  It  bums 
when  heated  in  the  air,  and  is  dissolved  by  dilute  hydrochloric  and  sulphuric  acid 
with  evolution  of  hydrogen. 
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COMPOUNDS   OF   TITANIUM. 

Titanium  Chloride,  TiCU,  and  Titanium  Fluoride,  TiF4,  are  known.  The  latter 
forms  compounds  like  KsTiPe,  analogous  to  the  silico-fiuonde  of  potassium,  KIsSiFe. 

Titanium  is  one  of  the  few  elements  that  combine  directly  with  nitrogen  to 
form  nitrides,  such  as  TiNa  and  Ti8N4. 

Titanic  Acid,  H4Ti04,  is  obtained  as  a  white,  amorphous  powder  on  adding 
ammonium  hydroxide  to  the  hydrochloric  acid  solution  of  the  titanates.  It  readily 
loses  I  molecule  of  HaO,  and  becomes  TiO(OH)a,  analogous  to  CO(OH)a. 

Titanium  Dioxide,  TiOa,  is  abtmdantly  found  in  nature.  It  is  almost  insoluble 
in  the  acids,  being  dissolved  only  by  hydrofluoric  acid.  It  forms  titanates  on 
fusion  with  the  alkalies. 

ZIRCONIUM. 

Symbol,  Zr.  Atomic  Weight,  89.9.  Valence,  IV. 

Zirconium  is  relatively  rare,  being  generally  found  as  the  silicate  ZrSi04,  called 
Zircon.  The  metal  can  be  obtained  as  an  amorphous  gray  powder  or  in  crystalline 
metallic  leaflets. 

Zirconic  Acid  or  Hydroxide,  Zr(OH)4,  is  precipitated  from  acid  solutions  as  a 
white,  voluminous  precipitate,  which,  on  ignition,  leaves 

Zirconium  Dioxide,  ZrOa. — Both  this  oxide  and  the  hydroxide  dissolve  when 
warmed  with  sulphuric  acid,  forming  Zr(S04)at  which  may  be  crystallized  from 
water. 

THORIUM- 

Symbol,  Th.  Atomic  Weight,  230.8.  Valence,  IV. 

Thorium  occurs  only  in  rare  silicates,  such  as  thorite.  The  free  metal  has  been 
obtained  as  a  light-gray,  crystalline  powder  which  bums  in  the  air  to  the  dioxide. 

Thorium  Hydroxuie,  Th(OH)4,  and  Thorium  Dioxide,  ThOa,  do  not  form  salts 
with  the  alkalies,  but  dissolve  in  sulphuric  acid  to  form  Th(S04)a. 

BISMUTH. 

Symbol,  Bi.  Atomic  Weight,  206.9.  Valence,  III  and  V. 

History. — Probably  bismuth  was  first  distinctly  recognized  in  1450 
by  Basil  Valentine,  who  attempted  to  classify  it  with  other  metals. 
In  the  following  century,  Paracelsus  classed  it  among  the  semi -metals, 
but  it  was  afterwards  proposed  as  a  true  metal  by  Agricola.  Although 
clearly  described  by  the  last  author,  bismuth  was  subsequently  con- 
founded with  other  rnetals,  especially  with  antimony  and  zinc,  until 
1739,  when  Pott  contributed  to  the  more  accurate  knowledge  of  the 
element.     Its  reactions  were  investigated  by  Bergman. 

The  name  is  from  the  German,  Wismuth. 

Occurrence. — ^The  sources  of  bismuth  are  not  nimierous.  Both 
the  metal  and  its  ores  are  generally  disseminated  through  rock.  The 
most  important  works  for  its  production  are  at  Schneeberg,  in  Saxony, 
where  the  ore  occurs  associated  with  cobalt  minerals.  The  mines  of 
England,  France,  Hungary,  and  Scandinavia  also  afford  it. 

Johnson,  Matthey  &  Co.,  Ltd.,  in  England,  work  up  considerable 
quantities  of  imported  bismuth  ore,  which  in  recent  years  has  been 
brought  into  commerce  from  California,  Colorado,  Utah,  Texas,  Mexico, 
South  America,  and  Australia. 

Besides  as  native  metal,  bismuth  is  found  as  hismuth-ochre,  Bi^O,, 
less  frequently  as  bismuthiniie,  Bi^,S3,  and  occasionally  associated  with 
many  of  the  heavy  metals  and  as  basic  carbonate  and  silicate. 
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Preparation. — The  process  of  obtaining  the  metal  usually  applied  in  the  past 
consisted  in  heating  the  ore  in  iron  tubes  inclined  in  such  a  way  that  the  easily 
fusible  metal  could  run  off  into  proper  receptacles.  This  method  extracted  only 
that  part  of  the  bismuth  which  existed  In  the  f1f^_jtate. 

At  present  the  ores  are  ToaSied  to  expel  mosl^of  tEe  sulphur,  and  then  fused  in 
.  small  furnaces  with-iron  jto  remove  sulphur,-  charcoal  to  reduce  the  ore,  and  slag 
to  facilitate  the  operation?  The  molten  mass  so  obtained  is  alto  wed  to  stand,  when 
a  separation  into  two  layers  occurs,  the  lower  being  nearly  pure  bismuth.  When 
the  upper  layer,  which  consists  of  the  cobalt-speiss,  iron,  and  various  constituents 
of  the  ore,  has  hardened,  the  still  liquid  bismuth  is  transferred  to  ingot  moulds. 

When  the  metal  occurs  in  ores  of  lead  and  silver,  it  is  extracted  from  the  slag, 
in  which  it  collects  in  quantity  from  5  to  20  per  cent.,  by  nitrohydrochloric  acid, 
and  subsequently  precipitateci  as  basic  chloride  by  water,  or  as  metal  by  means 
of  iron.     In  all  such  cases  it  is  finally  reduced  by  soda-ash  and  coal. 

Bismuth  is  generally  sent  into  commerce  in  hemispherical  masses  which  weigh 
from  10  to  12  kilograms. 

.  Properties. — ^Bismuth  is  isomorphous  with  arsenic  and  antimony. 
It  is  generally  met  with  in  brilliant,  grayish-white  or  iridescent  masses 
having  a  crystalline  lamellate  texture,  on  account  of  which,  although 
hard,  the  metal  can  be  readily  reduced  to  a  powder.  The  roseate  tinge 
usually  present  is  said  to  arise  from  a  slight  superficial  oxidation.  When 
melted  and  allowed  to  cool  the  metal  expands  quite  notably. 

Bsmuth  is  the  most  diamagnetic  of  all  known  bodies,  a  good  conductor 
of  electricity,  but_a  poor  conductor  ofJieat.  It  combines  directly  with 
the  halogens  and  sulphur,  and  has  a  specific  grayit^of  9.83.^ 

It  melts  at  264°,  and  at  a  white  heat  (about  1 100^)  may  be  distilled 
in  hydrogen.  It  is  permanent  in  air  at  ordinary  temperatures,  but 
when  heated  before  the  blowpipe  on  charcoal  yields,  bismuth  ttioxide 
as  a  brown  incrustation,  which  becomes  yellow  on  cooling. 

Hydrochloric  acid  does  not  dissolve  the  metal,  but  it  is  soluble  in 

nitrohydrochloric  acid  and  in  hot  concentrated  sulphuric  acid.     Nitric 

---^Cid  ~also"3iss6Tves1)rsmuth.     When  an  acid"  of  specific  gravity- 1.2.  is 

employed,  the  presence  of  arsenic  may  be  detected  by  the  white  deposit 

of  bismuth  arsenate,  which  fails  to  dissolve. 

Although  commercial  bismuth  is  likely  to  contain  arsenic  and  othet 
impurities,  still  it  is  usually  found  in  the  market  of  such  purity  that  it 
can  be  used  for  preparing  the  compounds,  particularly  the  basic  nitrate, 
and  some  authorities  state  that  the  presence  of  as  much  as  .5  per  cent, 
of  arsenic  does  not  disqualify  the  metal  for  that  purpose. 

To  free  it  of  arsenic  the  powdered  metal  is  mixed  with  5  or  6  per  cent, 
of  potassium  or  sodium  nitrate  and  fused  in  a  Hessian  crucible  by  means 
of  a  charcoal  fire.  After  the  half-cooled  mass  has  been  heated  for  a 
minute  with  5  per  cent,  fixed  alkali  hydroxide  solution,  the  metal  is 
collected  and  thoroughly  washed  with  water. 

'  X)ther  _procesgLes  .of  purification  consist  in  fusing  th(5  bismuth  with 
potassium  bitartrate  in  a  carbon  crucible,  or  with  potassium  carbonate, 
charcoal,  and  soap. 

Uses. — ^Large  quantities  of  bismuth  are  used  for  preparing  its  com- 
pounds, especially  the  subnitrate,  and  for  alloys. 

Alloys. — The  presence  of  bismuth  materially  lowers  the  fusing  point  of  alloys. 
'  and  Ott  that  account,  as  also  because  of  its  property  of  expanding  wVvaxv  ivassA.  lasA 
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allowed  to  cool,  alloys  containing  it  are  specially  adapted  for  type-metal,  for  taking 
the  impression  of  wood-cuts,  and  for  stereotyping.  For  the  last  two  purposes  the 
so-called  fusible  metals  are  employed.  Of  these,.  Wood^i  W£UiL  consisting  of  1 5 
parts  of  bismuth,  8  parts  of  lead.  4  parts  of  zinc,  aod  J  parts  of  cadmium,  melts  at 
68°,  whilfi..gase*j.iifg^a/,  containing  i  part  of  tin,  i  part  of  lead,  and  2  parts  of  bis- 
mutBTTiasaTusing  point  of  94°,    Many  other  uses  are  made  of  its  alloys. 

BISMUTH   AND   THE   HALOGENS. 

Bismuth  Dichloridc,  BiCla  or  BiaCU,  is  formed  when  a  slow  current  of  chlorine  is 
passed  over  the  fused  metal,  or  when  the  latter  is  heated  with  calomel  to  250®. 
It  is  a  black,  crystalline  mass,  readily  decomposed. 

Bismuth  Tricmari<k.»  BiCla.  is  obtained  when  bismuth  is  heated  in  dry  chlorine, 
or  by  distilling  i  part  bill nefy -divided  metal  with  2  parts  of  mercuric  chloride, 
and  also  by  dissolvmg  bismuth  in  nitro-hydrochloric  acid,  evaporating  the  solution, 
and  distillmg  the  residue. 

It  is  a  white,  deliquescent,  fusible,  and  volatile  mass,  known  as  bismuthbuUer. 
It  is  soluble  in  alcohol,  and  by  the  addition  of  much  water  is  changed  to  insoluble, 
white,  crystalline  basic  bismuth  chloride  (oxy chloride) ,  known  as  pearl  white. 

Bismuth  trichloride  forms  double  chlorides  with  the  alkali  "metals. 

Bism^h  Tri-iodide,  Bila.  results  from  the  direct  combination  of  its  constituent 
""^elements  \^tien  the  same  are  fused  together,  but  it  may  be  more  conveniently  pre- 
pared by  precipitation  of  a  solution  of  bismuth  nitrate  by  potassium  iodide.  So 
obtained  it  is  a  brown-red  powder. 

Bismuth  Oxy-iodide,  BiOl. — ^This  compound  is  produced  by  boiling  for  half  an 
hour  a  solution  of  40  parts  of  bismuth  subnitrate  m  3  parts  of  nitric  acid  and  400 
parts  of  water  with  24  parts  of  potassium  iodide  dissolved  in  200  parts  of  water. 

The  very  fine  crystalline  precipitate  is  collected,  washed,  anci  dried  below  100°. 

Uses. — This  substance  has  been  proposed  in  late  years  as  a  substitute  for 
iodoform. 

BISMUTH   AND   OXYGEN. 

The  compounds  of  bismuth  form  two  classes:  those  in  which  the  metal,  as  such, 
is  in  combmation  with  the  negative  atom  or  group  of  atoms,  and  those  wherein 
the  univalent  ^roup,  BiO.  known  as  hismuthyl,  occupies  the  same  position. 

Bismuth  Trtoxidc,  Bi203,  the  most  imjxjrtant  of  this  class  of  compounds,  occurs 
naturally  as  bismulh-ochre .  It  may  be  prepared  by  heating  bismuth  or  its  carbon- 
ate, nitrate,  or  hydroxide,  and  is  usually  seen  in  the  form  of  a  yellow,  fusible 
powder,  or  as  small  needles  of  the  same  color.  ^^' 

It  is  insoluble  in  water,  and  constitutes  a  stronger  base  than  antimony  trioxide. 
Strong  acids  dissolve  it  to  form  cor rcs|K)n ding  salts  of  bismuth. 

Bismuth  trioxide  is  employed  in  the  manufacture  of  optical  glass,  to  which  it 
imparts  greater  hardness  ancf  higher  refractive  power  than  is  obtained  by  the  use 
of  lead. 

Bismuth  Dioxide,  Bi202,  Bismuth  Tctroxidc,  Bi204,  and  Bismuth  Pcntoxide, 
Bi206,  are  known. 

Bismuthyl  Hydroxide,  BiO  (Oil),  is  j^roduccd  when  a  solution  of  bismuth  nitrate 
in  nitric  acid  is  slowly  added  to  a  cold  solution  of  sodium  hydroxide.  It  is  a  white, 
amorphous  powder,  and  has  weak  basic  properties. 

Bismuth  rrj7/WraWJt%Bi(OH)3.— When  a  solution  of  a  bismuth  salt  is  treated  with 
an  excess  of  cold  ammonium  hydroxide,  this  compound  is  obtained  as  a  white  pre- 
cipitate. It  has  the  characters  of  a  base,  and  upon  heating  is  converted  mto 
bismuth  trioxide. 

Of  the  more  acid  hydroxides,  that  having  the  composition  BiOa(OH)  is  formed 
by  passing  chlorine  into  potassium  hydroxide  solution  in  which  bismuthyl  hy- 
droxide has  been  suspended,  while  Bi203(OH)4  is  obtained  by  the  action  of  potas- 
sium cyanide  on  bismuth  nitrate. 

OXYGEN    SALTS    OF    BISMUTH. 

Bismuth  Nitrate,  Bi(N03)3.5H20,  is  obtained  by  gradually  adding  to  5  parts  o! 
nitric  acid  of  specific  gravity  1.2  contained  in  a  capacious  flask,  and  previously 
heated  to  from  75®  to  go°,  i  part  of  coarsely  powdered  bismuth.  A  strong  reaction 
ensues,  the  metal  is  dissolved  and  nitrogen  dioxide  is  liberated.     On  account  of 
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this  gas  changing  in  the  air  to  noxious  nitrogen  tetroxide,  the  operation  is  best  con- 
ducted in  a  place  capable  of  ventilation:  ..       ,).  t^      j 

2Bi     f     SHNOs.^     2Bi(N08)8     t     4HaO      f     2NO. 

When  the  solution  has  been  filtered  through  asbestos  to  remove  anv  bismuth 
arsenate,  evaporated,  and  allowed  to  cool,  the  salt  crystalhzes,  while  the  imptiri- 
ties  remain  in  the  mother-liquor. 

Bismuth  nitrate  forms  colorless,  transparent,  columnar  masses  which  melt  at 
73*^n  their  water  of  crystallization,  and  which  by  continued  heating  at  80°  lose 
water  and  nitric  acid,  and  are  changed  to  a  white  basic  nitrate.  It  dissolves  in  a 
small  quantity  of  Wat6r~to  form  a  strongly  caustic  liquid,  which  upon  the  further 
addition  of  water  is  precipitated  through  the  production  of  white  basic  nitrate, 
in  which  the  proportion  of  the  nitric  acid  radical  is  much  decreased. 

From  this  salt  most  of  the  useful  salts  of  the  metal  are  prepared. 

Basic  Bismuth  Nitrate,  (BiO)N03.H20.  Bismuthi  Subnitras,  U.S.P. 
— This  compound  was  introduced  into  the  practice  of  medicine  by  Odier 
in  1786.  V^v^^  iJ  ■-.- 

It  is  a  white  powder,  of  somewhat  varying  chemical  composition, 
odorless  and  almost'  tasteless,  and  permanent  in  the  air.  Almost  in- 
soluble in  water,  and  insoluble  in  alcohol;  but  readily  soluble  in  nitric 
and  hydrochloric  acids.  When  heated  to  120*^  C,  the  salt  loses  water 
(between  3  and  5  per  cent,  of  its  weight) ;  and  when  subsequently  heated 
to  redness,  it  evolves  nitrous  vapors,  leaving  not  less  than  80  per  cent, 
of  its  weight  of  a  yellow  residue  which  is  soluble  in  nitric  or  hydrochloric 
acid,  and  blackened  by  hydrogen  sulphide.  When  brought  upon  moist- 
ened blue  litmus  paper,  the  salt  shows  a  slightly  acid  reaction. 

The  composition  of  the  salt  depends  upon  the  quantity  and  tempera- 
ture of  the  water  employed  for  precipitation  and  washing  and  the  rapidity 
with  which  the  process  of  preparation  is  conducted. 

The  official  product  described  above  may  be  obtained  by  the  following 
method:  i  part  of  bismuth  nitrate  and  4  parts  of  water  are  thoroughly 
rubbed  together,  and  the  mixture  during  stirring  is  poured  into  21  parts 
of  boiling  water,  which  react  as  follows: 

BiCN03)s  .2H2O  (BiO)NOs.HaO      }      aHNOs. 

When  the  precipitate  has  subsided,  the  still  warm  supernatant  liquid 
is  poured  off,  the  precipitate  is  collected  on  a  filter  and,  after  the  filtrate 
has  ceased  to  drop,  is  washed  with  an  equal  volume  of  cold  water.  After 
a  repetition  of  the  washing,  the  precipitate  is  pressed  and  dried  at  a 
temperature  not  above  30^.  On  account  of  the  acid  present,  the  liquid 
from  which  the  precipitate  has  been  collected  retains  not  inconsiderable 
amounts  of  bismuth  nitrate,  the  greater  part  of  which  can  be  thrown 
down  as  basic  nitrate,  if  the  solution  be  nearly  neutralized  with  sodium 
hydroxide.  This  is  usually  collected,  washed,  and  added  to  the  first  pre- 
cipitate. From  the  filtrate  the  remaining  traces  of  bismuth  may  be  recov- 
ered as  basic  carbonate  or  as  hydroxide  by  the  addition  of  an  excess  of 
sodiiun  carbonate  or  of  ammonium  hydrate  respectively. 

100  parts  of  crystallized  bismuth  nitrate  yield  about  60  parts  of  bismuth 
subnitrate. 
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Uses. — Besides  its  use  in  medicine,  bismuth  subnitrate  is  extensively 
employed  in  cosmetics  under  the  name  of  flake-white,  and  in  the  prepara- 
tion of  a  colorless,  iridescent  glaze  for  porcelain  and  in  glass^taining. 

Basic  Bismuth  Carbonate,  (BiO)2C03.H20.  BismutBl  Subcarbbnas, 
U.S. P.,  is  '*a  white  or  pale  yellowish-white  powder,  of  soniewhat  vary- 
ing chemical  composition,  odorless  and  tasteless,  and  permanent  in  the 
air.  Insoluble  in  water  or  alcohol,  but  completely  soluble  in  nitric  or 
hydrochloric  acid,  with  copious  effervescence.  When  heated  to  redness, 
the  salt  loses  water  and  carbon  dioxide,  and  leaves  not  less  than  90  per 
cent,  of  a  yellow  residue  which  is  soluble  in  nitric  or  hydrochloric  acid, 
and  blackened  by  hydrogen  sulphide." 

It._is  prepared  by  pouring  a  solution  of  bismuth  nitrate  into  a  cold 
solution  of  sodium  carbonate. 

Another  basic  carbonate  is  found  native  in  small  quantity  as  a  yellow 
amorphous  mass.  Neutral  bismuth  carbonate  is  not  known.  The 
artificial  salt  is  used  in  medicine. 


Bismuth,  according  to  the  periodic  system  (see  p.  299),  belongs  in  the  same  group 

*  '"'        '  '  '  ....  ^^^  forming  a 

and  Tantalum. 


with  Nitrogen  and  Phosphorus.     As  supplementary  to  this  group  and  Jorniing  a 
related  sub-group  we  have  Vanadium,  Niobium  (or  Columbium), 


VANADIUM. 

Symbol,  V.  Atomic  Weight,  50.8.  Valence,  III  and  V. 

Vanadium  occurs  chiefly  as  the  vanadates  of  lead  and  copper  in  Cheshire,  Eng- 
land, and  other  localities.  It  is  obtained  as  a  whitish-gray  colored  metallic  powder 
by  the  reduction  of  the  dichloride  by  hydrogen.  Its  sp.  gr.  at  15®  is  5.5.  With 
oxygen  it  forms  five  oxides  corresponding  to  the  oxides  of  nitrogen.  The  first  three, 
or  lowest  of  these,  act  as  basic  oxides,  and  the  two  highest  act  as  acid-forming 
oxides. 

Vanadium  Pentoxide,  V2O6.  or  vanadic  anhydride,  is  a  brown  mass  obtained  by 
fusing  the  naturally  occurring  vanadates  with  nitre.  It  dissolves  in  the  alkalies, 
forming  the  normal  vanadates.  The  free  acid.  H3VO4,  is  not  known,  but  salts,  such 
as  Na3V04,  exist.  The  meiavanadic  acid,  HVO3,  forms  a  fine  yellow  pigment  some- 
times termed  "vanadium  bronze.  "  The  most  important  salt  of  this  acid  is  ammon- 
ium metavanadate,  NH4VO3.  The  solution  of  this  salt  becomes  deep  black  when 
treated  with  tincture  of  galls.  As  the  solutions  containing  this  highest  oxide  of 
vanadium  are  reduced  they  show  very  characteristic  changes  of  color:  thus,  vana- 
dic salts  are  yellow;  hypovanadic  salts  blue;  vanadous  salts  green;  and  hypo- 
vanadous  salts  lavender  colored. 

Vanadium  forms  three  chlorides,  VCI4,  VCls.  and  VCla,  and  a  number  of  oxy- 
chlorides  such  as  VOCls,  VOCI2.  and  VOCl. 

NIOBIUM  (or  Columbium). 

Symbol,  Nb  (or  Cb).  Atomic  Weight,  93.3  Valence,  III  and  V. 

Niobium,  as  it  was  named  by  Rose,  or  Columbium,  as  it  was  first  named  by 
Hatchett,  is  a  very  rare  metal  found  in  columbite  and  tantalite  and  other  rare 
minerals.  Niobium  has  been  obtained  as  a  steel-gray  crust  of  sp.  gr.  7.06.  Its 
most  important  compound  is  HNbOs,  forming  salts  known  as  niobates. 

TANTALUM. 

Symbol,  Ta.  Atomic  Weight,  181. 6.  Valence,  III  and  V. 

Tantalum  accompanies  niobium  in  the  minerals  above  named.  It  has  been  ob- 
tained as  an  iron-gray  powder  of  sp.  gr.  10.78.  Its  most  important  compoimd  is 
tantalic  acid,  HTaOa  which  forms  tantalates. 


CHAPTER    VIII. 

THE     CHROMIUM     GROUP. 

CHROMIUM. 

Symbol,  Cr.  Atomic  Weight,  51.7.  Valence,  II,  (C^a)v^  and  VI. 

Chromium  was  discovered  by  Vauquelin  in  1797.  Klaproth,  in- 
dependently, and  about  the  same  time,  made  the  same  discovery.  Both 
chemists  first  obser\'ed  it  in  the  minevaicrocoisite,  a  lead  chromate. 

Chromiuni  is.  not  found  in  the  free  state  inlTature;  its  compounds 
are  neither  abundantly  nor  widely  distributed.  The  best-known  occur- 
rence is  as  chrome  iron  ore,  or  chromite,  FeO,Cr.,0,.  This  is  found  in 
the  Shetland  Islands,  in  Norway,  anS  in  the  Urals.  In  the  United  States 
it  is  found  near  Philadelphia,  in  beautiful  octahedral  crystals,  and  at 
the  chrome  mines  in  Lancaster  County,  Pennsylvania.  Maryland  also 
yields  some  chrome  ore.  The  chief  supply  in  this  country  comes  from 
California  at  the  present  time. 

Preparation.— Chromium  was  obtained  in  the  metallic  state  by  reducing  the 
chloride  with  zinc,  but  is  now  prepared  most  generally  by  electric  furnace  methods. 
The  oxide  or  even  the  native  chromite  may  be  reduced  with  carbon  and  lime  in 
the  electric  furnace,  the  lime  being  added  to  prevent  the  formation  of  chromium 
carbide.  It  is,  however,  best  obtained  by  the  Goldschmidt  method  of  reducing  the 
oxide  with  aluminum. 

Properties. —  Chromium  is  a  light-gray,  crystalline,  non-magnetic 
powder  or  a  steel-gray  lustrous  metallic  solid  of  sp.  gr.  6.8,  fusing  at 
about  2500^  C.Jt  is  not  easily  oxidized  in  the  air.  Hydrochloric  acid 
dissolves  the  metal^rapTdly,  with  evolution  of  hydrogen;  diluted  sul- 
phuric acid,  when  hot,  behaves  in  a  similar  manner,  but  concentrated 
nitric  acid  does  not  attack  it. 

Uses. — Chromium  in  the  proportion  of  0.5  to  0.75  per  cent,  is  em- 
ployed to  impart  hardness  to  steel,  and  its  ore  is  used  in  increasing 
amount  in  furnace  lining  in  the  iron  manufacture. 

CHROMIUM  AND  THE  HALOGENS. 

Chromous  Chloride,  CrCU. — When  hydrogen  is  passed  over  warmed  chromic 
chloride  the  chromous  salt  is  obtained  as  a  white,  crystalline  mass.  It  dissolves 
in  water,  forming  a  blue  solution;  this  solution  rapidly  absorbs  oxygen,  and  acts 
as  a  powerful  reducing  agent. 

Chromic  Chloride,  Cr2Cle,  is  prepared  by  forming  sticks  of  equal  parts  of  chromic 
oxide  and  charcoal,  by  the  aid  of  mucilage  of  starch,  and  burning  them,  then  heat- 
ing them  in  porcelain  tubes  to  strong  redness  and  leading  in  a  current  of  dry  chlo- 
rine. The  product  is  in  reddish-violet,  lustrous  scales,  which  are  nearly  insoluble 
in  water,  but  readily  dissolve  in  that  liquid  with  a  green  color  in  the  presence  of 
a  trace  of  chromous  chloride.  Chromic  chloride  may  be  obtained  in  solution  by 
dissolving  chromic  hydroxide  in  hydrochloric  acid;  by  concentrating  this  solution 
very  slowly,  easily  soluble  crystals,  having  the  composition  CraCle.i2H20,  separate. 

Chromous  Bromide,  CrBra,  and  Chromic  Bromide,  CrgBre,  are  prepared  like  the 
corresponding  chlorides. 
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CHROMIUM   AND   OXYGEN. 

ChromoHs  Oxide,  CrO. — ^This  oxide  is  not  known  in  the  anhydrous  state,  but 
chromous  hydroxide,  Cr(OH)2,  is  easily  formed  by  precipitating  chromous  chloride 
with  potassium  hydroxide;  it  forms  a  brown  precipitate,  which  oxidizes  so  readily 
that  air  must  be  excluded  in  order  to  obtain  it  in  anything  like  a  state  of  purity. 

Chromium  Sesquioxide,  CraOjat. Cfecpwtc  Oxide,  occurs  native,  mixed  with  clay, 
as  chrome-dchre.  It  may  be  prepared  in  a  pure  condition  by  heating  to  redness 
chromic  hydroxide  and  some  other  chromium  compoimds.  It  is  a  dark-green,  amor- 
pbous  powder,-  which  fuses  in  the  oxy-hydrogen  fiame,  aiTd^lidifies  to  al>lack, 
'  crystalline  mass.  It  may  be  obtained  in  lustrous,  dark-green,  hexagonal  crystals 
by  passing  the  vapor  of  chromic  oxychloride  through  a  red-hot  porcelain  tube. 

Chromic  oxide  is  used  in  the  preparation  of  colored  glass,  enamels,  and  porce- 
lain, to  which  it  imparts  a  beautiful  green  tint.  It  is  known  in  commerce  as  chrome 
green.  GuigneVs  green  is  a  hydroxide  obtained  by  heating  a  mixture  of  potassium 
dichromate  and  boric  acid,  and  extracting  with  water. 

Chromic  Hydroxide,  Cra(OH)e.  is  formed  as  a  voluminous  bluish-green  precipi- 
tate, when  ammonia  water  is  added  to  a  solution  of  chromic  salt.  When  tne  com- 
pound is  dried  over  sulphuric  acid  at  ordinary  temperatures,  it  has  the  composition 
Cra(OH)e.4HaO.    The  water  may  be  driven  off  at  loo®. 

Chromium  Trioxide,  CrO,.  Chromii  Trioxidum,  U.S.P.  Chromic 
Anhydride,  Chromic  Acid. — This  compound  was  first  prepared  in  1797 
by  Vauquelin.  It  is  best  obtained  by  adding  to  i  volume  of  a  saturated 
solution  of  potassium  bichromate  i^  voltunes  of  concentrated  sulphuric 
acid*  ««3'"»  "^  "  ' 

KaCraOz     +     2HaS04     -     2Cr08     -f-     2KHSO4     4      HaO. 

By  cooling,  the  oxide  is  caused  to  separate  in  acicular  crystals;  these 
are  drained  in  a  funnel,  then  pressed  between  porous  bricks,  again  placed 
in  the  funnel  and  washed  with  nitric  acid  having  a  specific  gi'avity  of 
1 .46.  After  the  nitric  acid  has  drained  off,  the  crystals  are  pressed  between 
porous  bricks  a  second  time  and  dried  on  a  sand-bath  until  no  more 
nitrous  fumes  can  be  detected.  Another  method  of  purification  con- 
sists in  repeatedly  crystallizing  the  chromium  trioxide  from  a  small 
quantity  of  water,  and  removing  the  last  traces  of  sulphuric  acid  by  the 
addition  of  a  little  barium  chromate. 

Properties. — Chromium  trioxide  occurs  in  lustrous,  brownish-red, 
acicular  crystals  or  rhombic  prisms,  having  a  specific  gravity  of  2.8. 
The  crystals  arc  very  soluble  in  water,  and  deliquescent  in  moist  air. 
The  scarlet-red  crystals  usually  contain  sulphuric  acid,  while  those  that 
are  purified  from  this  substance  arc  darker,  with  a  brownish-red  color 
and  a  steel-blue  lustre.  On  account  of  its  energetic  oxidizing  action 
the  oxide  cannot  be  brought  in  contact  with  the  usual  organic  solvents, 
as  they  are  liable  to  be  inflamed  thereby.  In  fact,  it  must  be  preserved 
in  glass-stoppered ''bottles,  and  not  brought  in  contact  with  such  sub- 
stances as  cork,  tannin,  sugar,  alcohol,  etc.  '*  When  chromium  trioxide 
is  heated,  its  color  darkens,  and  finally  becomes  black,  but  is  restored 
on  cooling.  At  192°  to  193°  it  fuses  to  a  reddish-brown  liquid,  which, 
on  cooling,  forms  a  dark-red,  brittle  mass  (often  enclosing  cavities 
filled  with  crystals),  furnishing  a  scarlet  powder.'*  After  protracted 
heating  at  250°  it  is  entirely  decomposed  into  chromic  oxide,  CrjO,, 
and  oxygen. 


CHROMIC  ACID  AND  CHROMATES.  4Si 

Uses. — Chromium  trioxide  is  employed  medicinally  as  a  caustic, 
£n  dilute  solution  (i  to  loo)  for  hardening  tissues  in  microscopic  prepara- 
tions, and  more  extensively  as  an  oxidizing  agent  in  the  laboratory. 

Chromium  Oxychloride,  Chromyl  Chloride,  CrOaCla,  is  obtained  by  introducing 
a  fused  mixture  of  lo  parts  of  common  salt  and  12  parts  of  potassium  dichromate 
in  small  pieces  into  a  retort  with  30  parts  of  concentrated  sulphuric  acid.  The 
retort  must  be  connected  with  a  well-cooled  receiver,  as  the  reaction  proceeds 
without  the  aid  of  heat,  a  dark-red,  nearly  black,  liquid  distilling  over.  It  has  a 
specific  gravity  of  1.92  at  25®,  and  boils  at  118®. 

CHROMIC  ACID  AND  CHROMATES. 

Chromic  Acid,  HjCrO^. — ^This  acid  is  analogous  to  sulphuric  acid. 
It  is  prepared  IryTCttding  to  chromium  trioxide  a  little  less  water  than 
is  required  to  form  HjCrO^;  the  mixture  is  heated  to  100°,  the  clear 
solution  decanted  and  cooled  to  0°,  when  small,  red,  acicular  crystals 
are  deposited.  These  crystals  are  dried  over  sulphuric  acid  at  the 
ordinary  temperature,  and  are  then  found  to  have  the  composition 
HjCrO^;   they  are  very  hygroscopic. 

Potassium  Chromate,  Kj,CrO^.  Neutral  or  Yellow  Potassium  Chro- 
mate. — In  order  to  prepare  this  salt,  2  parts  of  potassium  dichromate 
are  dissolved  in  4  parts  of  hot  water;  to  the  resulting  solution  about  i 
part  of  potassium  carbonate  is  added,  or  such  an  amount  as  will  pro- 
duce a  weak  alkaline  reaction: 

KaCraOr     -f-     KaCOs     ^     2KaCr04     -f-     COa. 

**  •.  ■  ■ '  

After  filtering  the  yellow  solution  and  concentrating,  yellow  crystals 
separate. 

Properties. — Potassium  chromate  occurs  in  permanent,  yellow, 
rhombic  crystals,  which  are  isomorphous  with  potassium  sulphate. 
The  salt  is  soluble  in  2  parts  of  cold  water,  forming  a  yellow  solution 
which  has  a  weak  alkaline  reaction  towards  litmus  paper.  It  is  insoluble 
in  alcohol.  The  aqueous  solution  is  colored  red  on  the  addition  of  acids, 
owing  to  the  formation  of  the  dichromate. 

Potassium  chromate  is  useful  as  a  reagent. 

Potassium  Dichromate,  KgCr^O^.  Potassii  Dichromas,  U.S.P. 
Potassium  Bichromate. 

Preparation. — ^This  salt  is  made  from  chrome  iron  ore  by  fusing  in  a  reverber- 
atory  furnace  with  potassium  carbonate  and  nitrate,  or  a  more  recent  method 
consists  in  heating  the  chrome  ore,  then  powdering,  and  making  an  intimate  mix- 
ture of  the  ore  2  parts,  calcium  oxide  3  parts,  and  potassium  carbonate  i  part; 
this  mixture  is  heated  to  redness  in  a  reverberatory  furnace.  The  result  is  a  green- 
ish-yellow mixture  of  iron  and  calcium  oxide,  calcium  chromate  and  p)otassium 
chromate;  the  two  salts  of  chromium  are  washed  out  with  water.  The  calcium 
chromate  is  converted  into  potassium  chromate  by  the  addition  of  potassium 
carbonate  or  sulphate.  The  solution  of  potassium  chromate  is  treated  with 
sulphuric  acid  according  to  the  following  reaction: 

2KaCrO^L  >     HaS04     -      KaCraOv     -i      KaS04     -f     HaO. 

The  potassium  sulphate  is  used  in  converting  another  portion  of  calcium  chro- 
mate.    Much  dichromate  is  also  obtained  by  electrolytic  regeneration  from  the. 
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green  chromium  sulphate  solutions  which  are  obtained  as  side  products  in  many 
industrial  processes. 

Potassium  dichromate  crystallizes  in  red,  anhydrous,  triclinic  prisms  or  four- 
sided  tables.  It  is  permanent  in  the  air,  odorless,  and  has  a  bitter,  metallic  taste. 
The  salt  is  soluble  in  lo  parts  of  cold  water,  in  1.5  parts  of  boiling  water,  but  in- 
soluble in  alcohol.  The  aqueous  solution  is  acid  to  litmus  paper.  On  the  appli- 
cation of  heat  it  fuses  without  loss  of  weight,  and  at  a  white  heat  oxygen  is  evohred, 
leaving  a  residue  of  neutral  potassium  chromate  and  green  chromic  oxide. 

Uses. — Potassium  dichromate  is  rarely  employed  in  medicine.  It 
is,  however,  extensively  used  in  the  dyeing  and  tanning  industries, 
and  in  a  number  of  smaller  operations. 

Sodium  Chrcmtatc,  Na2Cr04,  and  Dichromate,  Na2Cra07,  are  prepared  similarly  to 
the  potassium  sahs.    The  chief  difficulty  appears  to  be  in  the  crytallization  of  the 
sodium  salt.     According  to  Walberg,  the  following  process  gives  satisfactory  re- 
sults: 6  parts  of  finely  ground  chrome  ore  (containing  44  per  cent,  of  CraOs)  are 
intimately  mixed  with  3  parts  of  soda-ash  (containing  92  p)er  cent,  sodium  carbon- 
ate) and  3  parts  of  chalk.    The  whole  is  strongly  heated  in  the  oxidizing'flame  of  a 
reverberatory  furnace,  the  charge  of  the  furnace  being  one  ton.    The  hot  mass  is 
lixiviated  with  water,  forming  a  liquid  of  84°  Tw.     It  is  then  concentrated  in  an     j 
iron  pan  to  104°  Tw.,  and  run  into  tanks  lined  with  lead,  where  acicular  crystals     | 
separate,  having  the  composition  Na2Cr04.ioH20.     These  are  drained  by  a  cen-     ' 
^1     tnfugal  machine,  then  placed  in  a  well-ventilated  chamber,  heated  to  30**,  where 
they  effloresce  and  crumble  to  a  yellow,  anhydrous  powder.     The  dicnromate  is 
prepared  from  this  similarly  to  the  potassium  salt.    It  occurs  in  deliquescent  cr)^- 
tals,  which  are  used  in  many  technical  processes  in  place  of  potassium  dichromate, 
because  of  their  more  ready  solubility  m  cold  water. 

Barium  Chromate,  BaCr04,  is  a  yeflow  powder,  insoluble  in  water  and  in  acetic 
-     acid.     It  is  obtained  by  precipitation  of  a  soluble  barium  salt  with  potassium 
chromate  or  dichromate.    Under  the  name  of  yellow  ultramarine  it  is  used  as  a  pig- 
ment. 

Lead  Chromate,  PbCrO,. — There  are  at  least  three  commercial  sub- 
stances whicli  bcIohg'"uiKler  this  title, — namely,  the  neutral  chromate, 
or  chrome  yelloiv,  basic  chromate,  or  chrome  red,  and  chroma  orange, 
which  is  a  mixture  of  the  two. 

Chronw _yellow  is  prepared  by  precipitating  a  solution  of  potassium 
chromate  with  a  solution  of  lead  acetate.  The  precipitate  is  often 
mixed  with  gypsum  or  barium  sulphate  in  order  to  obtain  the  lighter 
chrome  colors.  Another  process  consists  in  digesting  lead  sulphate, 
which  is  a  by-product  in  many  calico-printing  and  dye-works,  with  a 
solution  of  ])otassium  chromate.  The  depth  of  shade  depends  upon 
the  amount  of  unchanged  lead  sulphate.  It  is  stated  that  a  beautiful 
chrome  yellow  may  also  be  obtained  by  digesting  100  parts  of  freshly- 
precipitated  lead  chloride  with  47  parts  of  potassium  dichromate. 

Chrome  red  is  a  basic  lead  chromate  having  the  composition  PbCrO^,- 
Pb(OH)._..  It  is  sometimes  known  as  Austrian  cinnabar.  In  order  to" 
obtain  it  the  yellow  chromate  is  boiled  with  a  solution  of  potassium 
hydroxide,  or  a  better  quality  is  made  bv  fusing  together  equal  parts  of 
sodium  and  potassium  nitrates,  and  adding  to  the  fused  mass,  in  small 
quantities  at  a  time,  the  yellow  chromate.  After  cooling,  the  insoluble 
chrome  red  is  well  washed  and  dried.  The  different  shades  of  this  com- 
pound appear  to  be  due  to  the  size  of  the  crystalline  particles,  as  may 
be  shown  by  separately  rubbing  a  number  of  samples  to  a  uniform  powder. 
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A  large  number  of  other  chromates  are  known,  and  may  in  most  cases 
be  prepared  by  precipitating  a  soluble  salt  of  the  metal  with  potassium 
dichromate. 

OXYGEN   SALTS   OF   CHROMIUM. 

Chrofnous  Sulphate,  CrS04.7HaO,  is  prepared  by  cooling  a  solution  of  chromotis 
acetate  in  dilute  sulphuric  acid,  whereby  crystals  of  the  above  composition  sepa- 
rate. It  is  also  obtained  when  metallic  chromium  is  dissolved  in  dilute  sulphuric 
acid.  When  concentrated  sulphuric  acid  is  added  in  excess  to  the  above  solution, 
a  white  salt  having  the  composition  CrS04.H20  is  precipitated. 

Chromous  sulphate  occurs  in  bluish  crystals,  which  are  isomorphous  with  mag- 
nesium sulphate. 

Chromic  Sulphate,  Cr2(S04)3.i8HaO. — ^This  compound  is  prepared  by  dissolving 
chromic  hydroxide  in  the  necessary  quantity  of  dilute  sulphuric  acid.  The  crystals 
may  be  obtained  by  careful  evaporation  or  by  the  addition  of  alcqhol.  The  solution 
is  green  when  first  prepared,  but  becomes  violet  on  standing,  and  deposits  crystals 
of  a  violet  color. 

When  the  violet-colored  solution  is  boiled  for  some  time  it  becomes  green,  and 
is  then  not  precipitated  by  alcohol,  and  yields  an  amorphous,  green  mass  by  evap" 
oration;  but  by  long  standing  the  solution  again  becomes  violet,  and  will  then 
yield  the  normal  salt  either  by  evaporation  or  by  precipitation  with  alcohol. 

It  is  probable  that  the  boiling  causes  the  formation  of  a  basic  salt. 

Chromium  and  Potassium  Sulphate,  KaCr2(S04)4.24H20,  CJmttne  Alum. — ^This 
salt  is  obtained  by  dissolving  in  water  molecular  proportions  of  chromic  sulphate 
and  potassium  sulphate  and  carefully  evaporating.  The  violet-red  solution  yields 
dark  crystals  of  the  same  color  as  the  solution  from  which  they  separate,  having 
the  above  composition.  It  may  also  be  prepared  by  adding  to  an  aqueous  solution 
of  potassium  dichromate  the  necessary  quantity  of  sulphuric  acid  and  passing  in 
sulphurous  oxide.  When  the  solution  is  heated  it  turns  green,  and  crystals  cannot 
be  obtained  from  it,  but  by  long  standing  it  acquires  the  violet-red  color  and  will 
then  crystallize. 

Other  alums  of  chromium  may  be  obtained  by  the  substitution  of  the  sulphates 
of  ammonium  or  sodium. 

Chrome  alum  is  obtained  commercially  as  a  by-product  in  the  manufacture  of 
certain  aniline  dyes.  It  is  used  as  a  mordant  in  dyeing,  and  to  some  extent  in  the 
manufacture  of  feather. 

Chromic  Nitrate,  Cr2(NOs)e,  is  obtained  by  dissolving  chromic  hydroxide  in  nitric 
acid.  The  resulting  solution  is  blue  by  transmitted  light  and  red  by  reflected 
light,  and  the  crystals  which  are  deposited  have  a  purple-red  color. 

Chromic  Phosphate,  Cr2(P04)2,  is  made  by  adding  to  chromic  chloride  a  solution 
of  sodium  phosphate.  It  is  obtained  as  a  green  precipitate,  which  becomes  blue 
on  dr>M'ng. 

MANGANESE. 

Symbol,  Mn.         Atomic  Weight,   54.6.         Valence,  II,  IV,  VI.  and  VIII. 


History. — ^The  ore  called  pyrolusite,  or  black  oxide  of  manganese, 
was  known  to  the  early  chemists,  by  whom  it  was  confounded  with 
magnetic  oxide  of  iron  or  magnetite. 

In  1740,  Pott  showed  that  this  mineral  did  not  contain  iron,  and, 
in  1774,  Scheele  recognized  it  as  very  different  from  the  ores  of  iron, 
and  further  investigated  it. 

The  metal  was  first  separated  by  Gahn,  in  the  same  year,  and  later, 
in  larger  quantities,  by  St.  Claire-Deville  and  Brunner. 

The  name  manganese  is  supposed  to  have  been  given  the  new  element 
to  distinguish  it  from  magnesia. 
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Occurrence. — ^Manganese  occurs  in  nature  as  a  frequent  associate 
of  iron,  to  which  by  its  properties  it  is  closely  related.  It  exists  free 
to  a  small  extent  in  mete9ric  iron. 

The  most  widely-occurring  ores  are  the  oxides,  of  which  the  most 
important  is  manganese  dioxide,  or  pyrolusite,  MnO^.  Besides  this  it  is 
found  as  sesquioxide,  or  brauniie,  Mn^O^,  as  hydraled  sesquioxide,  or 
manganite,  MugOg  +  HjO,  as  manganomanganic  oxide,  or  hausmannite, 
MujO^,  as  carbonate,  or  manganese-spar,  MnCOj,  as  sulphide,  or  mangan- 
ese-blende, Mn^  in  many  silicious  minerals,  in  some  mineral  waters, 
and  in  plant  and^'animal  organisms,  which  derive  it  from  the  soil. 

Preparation. — The  metal  cannot  be  reduced  from  its  oxides  by  hydrogen, 
and  only  by  carbon,  after  having  first  been  heated  to  a  very  high  temperature. 
The  purest  mangamese  is  now  obtained  by  the  method  of  Goldschmidt,  by  reduc- 
tion of  manganese  dioxide  with  finely  divided  metallic  aluminum.  A  regulus  of 
manganese  of  lustrous  appearance  is  thus  obtained.  Tile  saiiiel^sult  is  also  eflfected 
by  Greene  and  Wahl  who  have  lately  introduced  the  use  of  silicon,  which  they  add 
in  the  form  of  an  iron  silicide. 

Properties. — This  element  is  a  very  difficultly  fusible,  very  hard, 
brittle,  lustrous  metal,  which  has  much  the  appearance  of  a  white  cast- 
iron.  It  has' a  specific  gravity  of  from  7.2  to  8.  It  possesses  a  very  great 
affinity  for  oxygen,  with  which  it  combines  in  moist  air  at  ordinar>' 
temperatures.  Cast-manganese  containing  iron  is,  however,  unalterable 
in  the  air.  Manganese  melts  at  a  white  heat,  and  is  weakly  magnetic. 
In  fine  powder  it  decomposes  water  at  about  20°.  The  metal  is  easily 
soluble  in  acids  with  the  liberation  of  hydrogen. 

Uses. — In  the  pure  state  it  has  little  use,  but  as  alloys  with  iron  in 
spiegeleisen  or  fcrro-manganese  for  the  production  of  steel,  and  with 
copper  and  zinc  for  the  preparation  of  manganese-bronze,  it  is  exten- 
sively  employed. 

Alloys. — These  are  usually  obtained  by  reducing  the  manganese 
and  other  oxides  with  coal,  or  by  the  processes  of  Goldschmidt  and 
of  Greene  and  Wahl  mentioned  above.  Spiegeleisen  that  contains 
25  per  cent,  and  upward  of  manganese  attanTs~a  granular  structure, 
and  is  known  as  ferro-manganese.  These  materials  are  used  in  white 
cast-iron,  the  color  of  which  is  due  to  this  ingredient.  An  alloy  of  man- 
ganese, copper,  and  zinc  is  known,  that  closely  resembles  German  silver. 
Manganese -bronze  contains  15  parts  of  copper,  4  parts  of  manganese, 
and  I  part  of  zinc.  When  these  alloys  have  a  manganese  content  of 
3  to  8  per  cent,  they  are  soft  and  ductile,  but  by  12  or  15  per  cent,  they 
are  rendered  hard  and  brittle. 

MANGANESE  AND  THE  HALOGENS. 

Manganous  Chloride^  MnCl^4H.,0. — This  is  obtained  as  a  side  product 
in  the  preparation  of  chlorine  from  manganese  dioxide  and  hydrochloric 
acid.  In  the  residual  liquid  it  is  mixed  with  iron,  from  which  to  separate 
it  the  filtered  liquid  is  evaporated  to  dryness  to  expel  free  acid,  the 
residue  treated  with  water,  and  the  resulting  solution  heated  with  an 
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excess  of  manganous  carbonate.  After  filtration  the  solution  is  evapo- 
rated and  allowed  to  crystallize.  The  manganous  carbonate  required 
for  the  operation  is  previously  prepared  from  some  of  the  iron  containing 
liquid  by  precipitation  with  sodium  carbonate.  Should  lead  and  copper 
be  present,  they  are  precipitated  by  hydrogen  sulphide  after  the  iron 
has  been  separated  and  before  the  solution  is  concentrated  for  crystalliza- 
tion.    It  is  a  pink,  deliquescent  salt. 

Manganic  Chloride,  Mn^Clg,  and  Manganese  Tetrachloride,  MnCl^, 
have  never  been  isolated,  for  they  readily  decompose,  giving  chlorine 
and  manganous  chloride. 

Manganous  Bromide,  MnBrj.4H20,  and  Manganous  Iodide,  Mnl2.4H20, 
are  pink,  deliquescent  salts  obtained  by  dissolving  manganous  carbonate 
in  hydrobromic  or  hydriodic  acid. 

MANGANESE  AND  OXYGEN. 

Manganous  Oxide,  MnO,  is  obtained  as  a  green  powder  by  heating 
manganous  carbonate,  or  an  oxide  of  manganese  that  is  richer  in  oxygen, 
in  a  stream  of  hydrogen.  It  is  a  strong  base,  and  dissolves  easily  in 
acids  with  the  formation  of  manganous  salts. 

Manganous  Hydroxide,  Mn(0H)2. — Manganous  oxide  forms  a  hy- 
droxide of  an  unstable  character,  as  a  white,  flocculent  precipitate  when 
a  solution  of  a  manganous  salt  is  decomposed  by  potassium  or  sodium 
hydroxide.  It  is  insoluble  in  excess  of  either  precipitaiit.but  is_  soluble 
in  ammj)nium  jiydroxide.  It  soon  acqufres  lif  the  air  alirown  color, 
due  to  partial  change  to  manganic  hydroxide,  which  is  insoluble  in  all 
the  alkali  hydroxides. 

Manganese  Sesquioxide,  MojOg,  occurs  in  nature  as  braunite  crystallized 
in  brown-black,  lustrous;  very  hard,  obtuse  quadratic  pyramids.  It  is 
usually  prepared  (and  of  the  same  color)  by  careful  ignition  of  manganous 
hydroxide,  manganese  dioxide,  or  manganic  nitrate.  It  is  a  very  weak 
base,  in  consequence  of  which  it  combines  with  acids  only  with  difficulty. 

Hot  hydrochloric  acid  effects  solution,  with  liberation  of  chlorine  and 
production  of  manganous  chloride. 

Manganic  Hydroxide,  Mn2(0H)g. — As  mentioned  above,  this  com- 
pound results  from  the  oxidation  of  manganous  hydroxide,  and  is  pre- 
pared by  allowing  that  change  to  take  place.  In  cold  hydrochloric 
acid  it  dissolves  to  a  dark-brown  liquid,  which  is  considered  to  contain 
manganic  chloride,  the  instability  of  which  is  shown  by  its  decomposition 
into  manganous  chloride  and  chlorine  when  the  solution  is  gently  warmed. 
It  is  used  in  the  preparation  of  varnishes. 

The  mineral  manganite  has  the  composition  Ma^Oj.H^O. 

Mangafioso-manganic  Oxide,  Mn^O^,  occurs  native  as  hausmannite 
in  brown-black  quadratic  pyramids.  It  results  upon  the  continued  igni- 
tion of  the  oxides  of  manganese,  of  the  hydroxides,  and  of  the  carbonates 
with  access  of  air.  With  evolution  of  chlorine  it  dissolves  in  hydrochloric 
acid  to  yield  manganous  chloride. 
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Manganese  Dioxide,  MnOj. — This  most  important  of  manganese  ores 
was  Tcirownaii'd  usedTirfIie""Middle  Ages.  It  is  often  called  jjlack  ojdde 
of  manganese  or  pyrolusite.  The  largest  deposits  are  in  the  Russian 
Caucasus,  Ghtier-CSba,  Ge!^any,  France,  and  in  the  United  States  in 
Virginia,  Arkansas,  and  Colorado.  It  crystallizes  in  steel-gray,  more 
or  less  lustrous,  rhombic  masses,  which  usually  enter  commerce  in  a 
compact  or  striated  state.  The  dioxide  can  be  artificially  prepared  by 
carefully  heating  manganous  oxide  with  p^^^.ssium  chlorate,  by  repeated 
treatment  of  manganous  'Oxide  with  hot  concentrated  nitric  acid,  by 
moderate  heating  of  the  corresponding  hydroxide.  Or  by  the  method 
now  adopted  for  ^Janggni  Dioxidum  Praecipitatum  (U.S.P.,8th  Rev.). 
In  this  case  a  manganous  hydroxide  is  "formed  by  the  action  of  ammonitim 
ByiireKideupGna  solution  of  manj^anous  siilphate,  and  it  is  x>xidized 
as  fogned^by  theaddition  oXhij^jp^enj^io^^^  The  result  is  a 

manganic  hydroxidcr;  Wluch   when   dried  should  contain  not  less  than 
80  per  cent,  of  manganese  dioxide. 

From  the  manganous  chloride  residues  left  upon  making  chlorine 
the  manganese  is  recovered  by  Wgldon's  process,  which  depends  upon 
the  formation  of  calcium  manganite  when  air  is  blown  through  the 
residue  mixed  with  milk  of  lime.  This  compound  CaMnO,  behaves 
towards  hydrochloric  acid  Hke  a  mixture  of  CaO  and  MnOj.  Upon 
paper  or  porcelain  manganese  dioxide  gives  a  gray-BlaclfStreak,  and 
when  crushed  a  graphite-colored  powder.  The  other  oxides  give  brown 
stains  and  powders.  The  specific  gravity  of  the  mineral  varies  between 
4.7  and  5.1.  It  is  not  attacked  by  water,  nitric  acid,  or  dilute  sulphuric 
acid.  When  heated  with  strong  sulphuric  acid  to'loo^il  gives  manganic 
sulphate,  while  at  200°,  manganous  sulphate  results.  In  the  presence, 
of  easily  oxidizable  organic  substances,  such  as  sugar  or  oxalic  acid, 
it  dissolves  in  dilute  sulphuric  acid  with  liberation  of  oxygen,  which 
acts  upon  the  organic  matter  present. 

Hydrochloric  acid  yields  with  the  dioxide  chlorine  and  manganous 
chloride.  At  a  low  red  heat  it  gives  off  one-fourth  of  its  oxygen  and 
changes  to  sesquioxide,  while  at  a  higher  temperature  it  gives  up  one- 
third,  and  passes  into  manganoso-manganic  oxide.  The  pyrolusite 
of  commerce  is  not  pure,  but  contains,  besides  other  oxides  of  manganese, 
variable  quantities  of  calcium  and  barium  carbonates  and  sulphates, 
silica,  and  iron  oxides.  With  some  basic  oxides  manganese  dioxide 
forms  salts  known  as  manganites.  The  acid  corresponding  to  these 
compounds  is  not  recognized  in  the  free  state. 

Uses. — Manganese  dioxide  serves  for  the  preparation  of  other  man;^ 
ganese  compounds,  of  oxygen,  of  chlorine,  and  for  the  decolorization 
of  glass,  in  which  it  corrects  the  green  color  imparted  by  the  iron  0xi3e 
derived  from  the  sand  used.  Aside  from  the  last  use,  it  is  employed  to 
give  an  amethyst  color  to  glass. 

Manganic  Anhydride,  MnO^,  has  not  yet  been  prepared,  nor  is  the  corre- 
sponding hydroxide,  or  manganic  acid,  HgMnO^,  known  in  the  free  state. 
The  salts  of  the  acid  are  well  known  under  the  name  of  manganates. 
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Potassium  Manganaie,  KgMnO,. — ^This  compound  is  made  by  evapo- 
rating loo  parts  of  potash  lye  of  specific  gravity  1.33  in  a  bright  iron 
kettle  to  about  one- third  its  weight,  and  adding  to  the  fused  potassiimi 
hydroxide  so  obtained  30  parts  of  manganese  dioxide  and  28  parts  of 
potassium  chlorate,  separately  powdered  and  previously  mixed  on  a 
sheet  of  paper.  The  mass  is  then  dried  with  constant  stirring  to  a  stiff 
consistency,  and  then  heated  in  a  Hessian  crucible  to  a  low  red  heat 
until  a  small  quantity  taken  out  and  put  into  water  almost  completely 
dissolves  with  an  intense  green  color  : 

3Mn02      r     6KOH     +     KClOs    =     3KaMn04     +     KCl     -f     3H2O. 

The  heating  of  the  mixture  must  not  be  carried  to  full  fusion,  or  de- 
composition of  the  manganate  ensues.  When  the  reaction  has  been 
shown  to  be  complete,  the  mass  is  poured  out  on  an  iron  plate,  and,  when 
cold,  is  broken  and  extracted  with  water.  The  solution  is  filtered  through 
asbestos,  and  then  evaporated  in  a  rarefied  atmosphere,  whereby  the 
salt  is  obtained  in  dark-green,  almost  black  crystals. 

For  technical  purposes  it  is  also  prepared  by  melting  solid  potassium 
hydroxide  with  finely  powdered  manganese  dioxide,  with  or  without 
the  addition  of  potassium  nitrate. 

The  crystals  of  this  substance  are  isomorphous  with  those  of  potassium 
sulphate.  They  dissolve  in  water  to  give  a  dark-green .  color.  When 
allowed  to  stand,  the  color  of  this  solution  gradually  passes  through 
blue  and  violet  into  red,  on  account  of  the  formation  of  potassium  per- 
manganate. This  change  is  hastened  by  heat  and  by  the  action  of  ozone, 
nitric  acid,  chlorine,  bromine,  and  carbon  dioxide. 

Because  of  these  changes  in  color  early  chemists  called  the  salt  chameleon 
mineral,  although  the  name  has  also  been  applied  to  the  permanganate. 

Organic  substances,  sulphur  dioxide,  and  other  reducing  bodies  de- 
colorize a  solution  of  potassium  manganate  by  taking  up  its  oxygen. 
For  this  reason  its  solutions  cannot  be  filtered  through  paper. 

By  substituting  the  corresponding  sodium  compounds  in  relative 
proportion,  green  crystallized  sodium  manganate,  Na^MnO,  +  loHgO, 
can  be  obtained  by  the  method  employed  for  the  potassium  salt. 

Barium  Manganate,  BaMnO,,  is  easily  produced  by  roasting  a  mixture 
of  I  part  of  powdered  manganese  dioxide  with  4  parts  of  barium  nitrate, 
and  rapidly  lixiviating  the  green  mass.  It  is  an  emerald-green,  crystalline, 
insoluble  powder,  sometimes  called  barium  green. 

Potassium  Permanganate,  K^Mn.,0^.  Pataaaii  Perinanganas,  U.S. P. 
To  prepare  this  salt  the  green,  fused  mass  obtained  in  making 
potassium  manganate  is  treated  with  twice  its  weight  of  hot  water. 
After  stirring,  the  mixture  is  allowed  to  settle,  and  the  clear,  green  solu- 
tion produced  is  poured  off.  The  sediment  is  washed  with  more  water  by 
affusion  and  decantation  after  subsidence.  The  mixed  clear  solutions  are 
warmed  in  a  water-bath,  at  which  temperature  a  current  of  carbon  dioxide 
is  conducted  into  the  liquid  until  a  pure  red-violet  color  has  been  acquired: 

_^         3K2Mn04     -f     aCOa     --     KaMnaOa     +     MnOa     +     aKaCOa. 
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The  manganate  can  also  be  converted  into  permanganate  by  thor- 
oughly boiling  the  solution,  potassium  hydroxide  resulting  as  one  of 
the  products  of  the  change  : 

s.^        3KaMn04     -h     aHaO     =     KaMnaOs     -|-     MnOa     -|-     4KOH. 

In  both  cases  a  precipitate  of  hydrated  dioxide  is  produced. 

After  standing,  the  clear  solution  is  siphoned  off,  and  the  last  turbid 
portion  is  filtered  through  asbestos.  Care  having  been  taken  to  exclude 
dust,  the  liquid  is  evaporated  until  a  pellicle  forms  on  the  surface,  and 
then  allowed  to  cool.  The  crystals  which  separate  are  collected  and 
placed  to  drain  out  of  contact  with  organic  matter.  The  salt  may  be 
obtained  in  a  crude  state  by  evaporating  the  solution  at  once  to  dryness. 
It  forms  metallic,  lustrous,  almost  black,  rhombic  prisms,  which  are 
permanent  in  the  air.  These  are  soluble  in  about  15  parts  of  water 
at  25°,  and  in  3  parts  of  boiling  water.  The  solution  gradually 
undergoes  change.  Potassium  permanganate  is  a  powerful  oxidizing 
agent  toward  organic  and  inorganic  substances.  In  neutral  solution 
one  molecule  of  the  salt  gives  up  three  atoms  of  oxygen,  with 
the  production  of  a  brown,  fiocculent  precipitate  of  a  hydrated 
dioxide. 

In  acid  solution  one  molecule  gives  up  five  atoms,  and  if  sufficient 
of  the  oxidizable  matter  is  present,  a  clear  and  colorless  solution  results. 
On  account  of  the  ease  with  which  they  yield  their  oxygen,  both  manga- 
nate and  permanganate  are  employed  as  disinfectants  :  foul-smelling 
gases  or  substances  are  rendered  entirely  odorless  by  contact  with  these 
compounds.  Its  use  in  the  quantitative  analysis  of  iron  and  of 
organic  matter  in  potable  waters  depends  upon  this  same  feature. 
Chlorine  is  liberated  by  the  action  of  hydrochloric  acid  on  potassium 
permanganate.  The  salt  is  occasionally  used  in  the  practice  of 
medicine. 

Sodium  Permanganate,  NajMn.^O^.bH^O. 

Ammonium  Permanganate,  (NHj^Mn.^O^. 

Barium  Permanganate,  BaMn.^O^,  and  Zinc  Permanganate,  ZnMn^O^, 
have  also  been  obtained. 

Permanganic  Acid,  H2Mn^0^,  is  known  only  in  aqueous  solution. 
It  may  be  made  by  the  action  of  dilute  sulphuric  acid  on  barium  per- 
manganate, or  by  boiling  a  manganese  compound  that  is  free  from 
chlorine  with  nitric  acid  in  the  presence  of  red  oxide  of  lead.  The  pro- 
duction of  its  rose-red  color  by  the  last  method  is  used  as  a  test  for 
manganese  under  the  name  of  Crum's  process. 

Permanganic  Anhydride,  Mn^O,,  is  the  oxide  which  corresponds 
to  permanganic  acid.  As  a  heavy,  greenish-black,  readily  decom- 
posing liquid,  it  is  produced  when  potassium  permanganate  is  added 
in  small  quantity  to  well-cooled  concentrated  sulphuric  acid. 

The  greatest  care  should  be  exercised  in  the  application  of  these  sub- 
stances as  oxidizing  agents,  as  explosion  is  likely  to  occur  if  the  action 
is  sudden. 
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MANGANESE  AND  SULPHUR. 

Two  sulphides  of  manganese  are  found  native.  Manganese  mono- 
sulphide,  MnS,  occurs  as  manganese-blende  in  black,  cubic  crystals,  and 
manganese  disulphide,  .MnS^,  as  hauertte  in  red-brown  crystals  of  the 
same  system. 

The  former  sulphide  may  be  prepared  as  a  green  powder  by  heating 
manganese  sesquioxide  in  a  stream  of  hydrogen  sulphide,  or  by  precipi- 
tating a  solution  of  a  manganous  salt  with  an  alkali  sulphide,  whereby 
a  flesh-pink  precipitate  of  a  hydrated  sulphide  is  thrown  down.  Upon 
exposure  to  air,  this  takes  up  oxygen  and  assumes  a  brown  color. 

OXYGEN  SALTS  OF  MANGANESE. 

_  Manganous  Sulphate,  MiiSp^.4H20.  Mangani  Sulphas,  U.S.P.— 
Tfiis  gaitTS^Jfr eparecTby  rubbing  a  convenient  quantity  of  finely-powdered 
dioxide  of  good  quality  to  a  thick  paste  with  concentrated  sulphuric 
acid,  then  heating  the  mixture  in  a  Hessian  crucible  by  a  blast-furnace 
gradually  to  low  redness,  and  maintaining  that  condition  as  long  as 
white  fiunes  of  sulphur  trioxide  are  evolved  : 

Mn02      :      HaS04     -      MnS04     -i-     HaO     -r      O. 

From  time  to  time  a  portion  of  the  mass  is  taken  out,  allowed  to  cool, 
and  treated  with  water.  The  solution  is  then  filtered  and  tested  for 
iron,  which,  if  found,  necessitates  heating  the  materials  to  full  redness, 
until  after  another  trial  the  water  solution  is  found  to  be  destitute,  or 
nearly  so,  of  iron. 

The  gray-white  mass  is  allowed  to  cool,  and  is  then  powdered  and 
extracted  with  three  times  its  weight  of  hot  water,  which,  by  frequent 
stirring,  dissolves  the  salt. 

Most,  if  not  all,  of  the  iron  is  left  undissolved  as  oxide.  Any  traces 
remaining  in  solution  are  removed  by  manganous  carbonate,  which 
precipitates  the  impurity  as  hydroxide.  The  filtered,  iron-free  solution 
is  slowly  evaporated  at  a  low  temperature. 

Lead  and  copper  are  removed  by  saturating  the  liquid  with  hydrogen 
sulphide  previous  to  evaporation,  while  zinc  is  separated  by  the  same 
reagent,  but  in  the  presence  of  sodium  acetate  and  acetic  acid. 
.  Manganese  sulphate  forms  pale,  rose-colored  crystals  which  are  some- 
what efflorescent,  and  the  amount  of  whose  water  of  crystallization 
and  whose  crystalline  form  vary  according  to  the  temperature  at  which 
the  crystals  separate.  Beside  that  of  official  composition  which  con- 
tains four  molecules  of  water  of  crystallization,  and  which  is  obtained 
in  rhombic  prisms  between  20°  and  30®,  monoclinic  crystals  having  the 
formula  MnSO^.yHjO  can  be  produced  below  6**.  They  are  isomor- 
phous  with  ferrous  sulphate.  Between  7°  and  20**  a  salt  of  the  composition 
MnS0^.5H20  crystallizes  in  the  triclinic  system,  which  also  includes 
copper  sulphate.     When  the  solution  is  evaporated  at  a  temperature 
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above  30®,  an  almost  colorless,  difficultly  soluble,  crystalline  powder  of 
still  lower  percentage  of  water  separates. 

The  official  salt  is  soluble  in  an  equai  weight  of  waterto  produce  a 
neutral  solution.  It  is  not  soluble, in  alcohol,  With  the  sulphates  of 
potassium  and  sodium,  it  gives  double  salts.  Manganous  sulphate 
finds  a  limited  use  in  medicine. 

Manganic  Sulphate,  MngCSOJg,  is  a  dark-green,  deliquescent  powder 
which  results  from  the  action  of  concentrated  sulphuric  acid  on  man- 
ganese sesquioxide  or  on  the  dioxide  at  from  100°  to  140®. 

Manganese  alums  crystallize  in  octohedra,  and  arise  from  the  union 
of  the  alkali  sulphates  with  manganic  sulphate. 

Mangafious  Nitrate,  Mn(N03)2.6H.^O,  separates  in  deliquescent  crystals 
when  manganese  carbonate  is  added  to  nitric  acid  and  the  solution  is 
evaporated.  ; 

Mangaftous  Phosphate,  Mn3(PO^)2.7H20,  is  produced  as  a  white 
precipitate  by  the  addition  of  sodium  phosphate  to  a  solution  of  man- 
ganous sulphate. 

^angaftous  Hjipophosphite,  Mn(PH^OJ^+  H^O  (Mangani  Hypophos- 

phis,  U.S. P.,  8th  Rev.j,  is  a  pink,  crystalline  powder,  odorless,  nearly 
tasteless;  permanent  in  thle  air.  It  is  solubt(ff^  ill  S'.^^parts  of  water  at 
25®C.;  almost  insoluble  in  alcohol. 

Manganese  Borate  is  formed  when  a  solution  of  a  manganous  salt  is 
precipitated  by  sodium  borate.  The  white  precipitate  thrown  down 
becomes  brownish  upon  drying. 

Manganous  Carbonate,  MnCO.^. — Manganese-spar,  the  native  form  of 
this  compound,  occurs  in  red,  hexagonal  crystals,  which  are  contami- 
nated with  iron  and  other  carbonates.  The  artificial  white  salt  is  pre- 
pared by  adding  a  slight  excess  of  sodium  carbonate  to  a  solution  of 
manganous  sulphate.  Upon  drying  it  undergoes  some  decomposition 
and  becomes  darker  on  account  of  the  sesquioxide  formed.  When 
ignited  it  loses  carbon  dioxide  and  leaves  manganoso-manganic  oxide. 

MOLYBDENUM,  TUNGSTEN,  URANIUM. 

In  addition  to  chromium  and  manganese,  in  the  foregoing  group  we  have  the 
rarer  elements  molybdenum,  tungsten,  ynd  uranium. 

The  whole  group  possesses  many  points  of  resemblance  to  the  sulphur  group 
of  non-metals.  The  members  have  an  equivalence  II,  IV,  VI,  and  some  of  them 
more  rarely  VIII. 

Molybdenum,  Mo.  Atomic  Wcif^ht.  95.3. — This  element  occurs  in  nature  chiefly 
as  molybdenite,  M0S2,  and  as  wulfemte,  a  lead  molybdate,  PbMo04.  It  is  more 
rarely  found  as  the  trioxide.  M0O3. 

Molybdenum  is  prepared  by  heating  the  chloride  or  oxide  to  a  high  temperature 
in  a  current  of  hydrogen.  It  is  a  silver-white,  nearly  infusible  metal,  harder  than 
topaz,  and  having  a  specific  gravity  of  8.6.  It  is  permanent  in  the  air,  unless 
heated,  when  it  is  slowly  converted  into  the  trioxide.  Hydrochloric,  hydrofluoric, 
and  dilute  sulphuric  acids  do  not  dissolve  it,  but  it  is  readily  attacked  by  nitric 
acid  and  nitro-hvdrochloric  acid. 

Molybdenum  Trioxide,  M0O3,  is  the  final  product  of  the  oxidation  of  the  metal. 
The  other  oxides  are  prepared  from  this  by  various  processes  of  reduction.  They 
are  M0O2,  M02O3,  and  MoO. 

Molybdic  Acid,  H2M()(^4.  is  obtained  in  shining  white  crystalline  scales  when  a 
molybdate  solution  is  decomposed  by  a  strong  acid. 
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Ammonium  MolybdcUe,  (NH4)aMo04,  is  formed  by  dissolving  molybdenum  tri- 
Dxide  in  solution  of  ammonia,  and  precipitating  the  salt  formed  by  the  addition  of 
alcohol. 

Phosphomolybdic  Acid  is  prepared  by  the  union  of  phosphoric  and  molybdic  acids. 
;>        The  one  richest  in  molybdenum,  obtained  by  evaporating  an  aqueous  solution 
'     of  these  two  acids,  has  the  composition  2HsP04,24Mo08.58HaO.     It  occurs  in 
yellow  crystals,  and  loses  water  at  140°. 

Ammonium  Phosphomolybdate,    i2(Mo08),(NH4)8P04.2HaO,    is  the  compound 
which  is  formed  when  ammonium  molybdate  in   the   presence  of   nitric   acid   is 
added  to  phosphoric  acid  or  a  phosphate,  and  represents  the  form  in  which  phos- 
^    phoric  acid  is  usually  determined  quantitatively. 

-^  Tungsten   (Wolfram),   W,  Atomic  Weighty   182.6,  is  found   in  nature   as    wol- 
framiic;  an  iron  and  manganese  tungstate  and  as  scheelitc  or  calcium  tun^state. 
Like  molybdenum,  it  forms  a  great  number  of  compounds,  and  as  tungsttc  acid 
combines  with  ba.sos  to  form  a  great  variety  of  salts. 
.  _  Ux^iUuni^.  X^. --l/om*c  Weight,   236.7,  occurs  in  nature  chiefly  as    the    mineral 
urantie,  or  pitch-blende,  U3O8.     It  has  many  characters  in  common  with  molyb- 
^  denum  and  tungsten,  but  possesses  more  basic  properties.      The  metal  is  not  so 
]X)rmanent,  and  ignites  when  heated  with  access  of  air  to  iqo°.      It  has  a  specific 
gravity  of  18.4. 
:^\     Three  chlorides  of  uranium  are  known,  as  follows:  the  trichloride,  UCI3,  the  tetro" 
^    chloride,  UCI4,  and  the  Pentachloride,  UCU. 

The  dioxide,  UO2.  ana  the  trioxide,  UO3,  are  known;  the  latter  is  basic  towards 
acids,  and  forms  salts  containing  the  bivalent  radical  uranyl,  UOa.  The  uranyl 
salts  arc  yellow,  and  impart  to  glass  when  fused  with  it  a  remarkable  fluorescence. 

RADIO-ACTIVE    ELEMENTS. 

The  fact  that  pitch-blende,  the  uranium  mineral,  gave  out  rays 
which  act  upon  photographic  plates  when  the  latter  are  wrapped  in 
black  paper,  cause  certain  phosphorescent  substances  to  become  illu- 
minated, and  make  the  air  through  which  they  pass  a  conductor  of 
electricity,  was  discovered  by  the  physicist  Becquerel.  These  prop- 
erties were  found  to  be  possessed  by  all  uranium  and  thorium  minerals 
as  well  as  the  metals  themselves.  Madame  Curie,  having  found  that 
these  properties,  known  collectively  as  "radio-activity,"  were  possessed 
by  certain  uranium  and  thorium  minerals  in  higher  degree  than 
shown  by  either  of  these  metals,  was  led  to  the  conclusion  that  these 
minerals  contained  one  or  more  new  elements  to  which  this  property 
belonged  in  a  much  higher  degree  than  to  uranium  or  thorium. 

Radium,  Ra...  Aiotnic  weighty  225. — The  best  known  of  these  peculiar 
elements  discovered  by  Professor  and  Madame  Curie  in  1899  is  closely 
related  to  barium.  Its  chloride  is  separated  from  barium  chloride  by 
repeated  fractional  crystallization.  It  shows  a  characteristic  spectriun 
and  colors  the  Buns'en  flame  carmine  red.  All  radium  salts  are  lumines- 
cent and  excite  phosphorescence  in  a  variety  of  chemical  compounds 
and  minerals.  Radium  compounds  also  brin^  about  many  chemical 
decompositions  and  exert  notable  physiological  effects  upon  vegetable 
and  animal  organisms. 

Radium  is  capable  of  giving  off  rays  or  emanations  which  have  been 
respectively  designated  as  '^,  <3f,  and  r  rays,  all  of  which  differ  in  their 
physical  characters.  Most  important,  however,  is  the  fact  that  radium 
compounds  show  what  is  apparently  evidence  of  continuous  breaking 
up  without  any  extraneous  inciting  cause.       By  reason  of  this  decom- 
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position  raditim  salts  spontaneously  develop  heat  and  in  consequence 
always  show  a  slightly  higher  temperature  than  surrounding  objects. 
Ramsay  and  Soddy  have  shown,  moreover,  that  the  emanation  from 
radium  bromide  when  collected  changes  in  a  few  days  into  the  element 
helium. 

Polonium. — In  the  analysis  of  pitch-blende  Madame  Curie  obtained 
in  1898  evidence  of  a  strongly  radio-active  element  allied  to  and  accom- 
panying bismuth  to  which  she  gave  the  name  poloniiun.  It  has  not  as 
yet  been  obtained  sufficiently  free  from  bismuth  to  get  a  distinctive 
spectnun.  The  rays  emitted  by  the  salts  of  polonitun  differ  in  many 
respects  from  those  obtained  from  radium. 

Actiniuni. — A  third  radio-active  element  closely  related  to  thoriimi 
was  found  in  1899  by  Debieme  in  the  residues  from  pitch-blende.  It  has 
never  been  obtained  in  sufficient  purity  to  allow  of  the  study  of  its 
spectrum. 

As  the  atomic  weights  of  uranium,  thoritmi,  and  radium  are  the  highest 
of  the  known  elements,  investigators  of  radio-activity  have  come  to 
connect  this  property  with  what  may  be  called  the  atomic  disintegration 
of  these  elements  of  high  atomic  weight,  although  radium  is  the  only 
one  in  which  such  disintegration  seems  to  have  been  recognized  ex- 
perimentally. 


CHAPTER    IX. 

THE    IRON     GROUP. 

This  group  includes  iron,  nickel,  and  cobalt.  In  the  periodic  system 
they  form  a  transition  group  between  manganese  and  copper.  They 
are  distinguished,  moreover,  from  the  other  metals  by  their  magnetic 
properties. 

IRON. 

Symbol,  Fe.  Atomic  Weight,  55.5.  Valence,  II,  IV,  (Fe2)^^  and  VI. 

History. — The  discovery  of  iron  antedates  the  earliest  historical 
times,  as  it  was  known  to  the  ancient  Egyptians  and  Assyrians,  and  is 
mentioned  in  the  Pentateuch.  The  earliest  form  was  undoubtedly 
malleable  iron,  prepared  direct  from  the  ore  by  smelting  with  charcoal, 
as  is  still  carried  out  in  a  primitive  way  in  India.  Steel  was  also  known 
to  the  ancient  Greeks,  and  is  described  by  Homer,  the  Chalybes,  a  tribe 
on  the  coast  of  the  Black  Sea,  being  famed  for  its  production.  The  manu- 
facture of  cast-iron  by  the  blast-furnace  process  appears  to  date  from  the 
end  of  the  fifteenth  century. 

Occurrence. — Iron  occurs  as  native  metal,  but  not  certainly  of  ter- 
restrial origin;  on  the  other  hand,  meteoric  iron  is  frequently  found. 
These  meteorites,  which  fall  upon  the  earth;  coming  from  an  unknown 
source,  may  be  largely  made  up  of  mineral  matter,  or  they  may  contain 
as  much  as  93  per  cent,  of  metallic  iron,  always  associated  with  metallic 
nickel,  and  occasionally  small  quantities  of  other  metals.  Iron  also 
occurs  as_ienic.oxide  under  the  name  of  hematite  (or  specular  iron),  as 
ferroso-ferric  oxide  under  the  name  of  magnetite,  as  hydrated  ferric  oxide 
under  the  name  of  limonite  (or  brown  hematite) ,  and  as  carbonate  under 
the  name  of  siderite  (spathic  iron).  The  ferric  sulphide,  which  occurs  so 
abundantly  under  the  name  of  pyrite,  is  not  used  as  an  ore  of  iron,  al- 
though valuable  for  the  manufacture  of  sulphuric  acid.  Other  valudble 
iron  minerals  are  vivianite,  or  the  phosphate  (found  in  green  marl), 
arseno-pyrite ,  or  the  sulpharsenite,  and  wolf r am y  or  the  tungstate  of  iron. 

Preparation. — Iron  is  manufactured  on  a  large  scale  in  three  commercial 
varieties,  differing  in  both  physical  and  chemical  characters, — viz.,  cast-iron, 
wrought -iron,  and  steel.  According  to  the  present  method  of  working  the  ores, 
cast-iron  is  the  first  variety  obtained. 

Cast-iron. — While  the  earliest  processes  for  the  manufacture  of  iron  allowed 
of  the  production  of  a  relatively  pure  iron  direct  from  the  ore,  such  production 
was  wasteful  and  expensive.  The  ore  is  now  first  submitted  to  the  blast-furnace 
treatment,  and  the  product  is  an  iron  containing  from  3  to  6  per  cent,  of  carbon,  to- 
gether with  smaller  amounts  of  other  elements,  such  as  silicon  and  phosphorus, 
and,  it  may  be,  manganese.  The  theory  of  the  blast-furnace  may  be  reaoily  Un- 
derstood from  Fig.  131.  A  tall,  cylindrical  or  conical  chamber,  lined  with  fire- 
brick, is  filled  with  fuel,  ore,  and  flux  (limestone)  in  certain  proportions,  the  three 
materials  being  stratified  as  shown.    At  the  base  a  blast  of  hot  air  is  blown  in.    This 
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forms  carbon  monoxide  with  the  fuel,  and  this  reducing  gas  meeting  the  layer  of 
highly -heated  ferric  oxide  (ore)  reduces  it  to  metal,  carbon  dioxide  being  formed. 
This,  in  turn,  meeting  the  next  ^yer  of  heated  fuel  is  changed  to  monoxide,  which 
again  acts  as  a  reducing  agent.  The  lime  of  the  limestone  takes  up  the  silica  and 
alumina  of  the  impurities  and  forms  with  them  a  fusible  slag.  The  molten  iron, 
however,  has  the  power  of  dissolving  carbon,  part  of  which  it  retains  as  a  carbide 
of  iron,  and  part  separates  in  scales  as  graphite.     The  iron  settles  to  the  bottom 
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are  also  carried  off  in  this  slag.  As  the  iron  becomes  pure  it  becomes  pasty,  and 
the  "blooms"  or  masses  of  agglutinated  mixture  are  squeezed  and  hammered  to 
get  rid  o£  the  slag  and  to  weld  the  porous  iron  together  into  a  fibrous  and  homo- 
geneous mass.  The  wrought-iron  so  obtained  has  a  specific  gravity  of  ;.6  to  7.8, 
IS  soft  and  tough,  and  at  a  red  heat,  may  be  forged,  rolled,  and  welded.  It  fuses 
at  about  1  soo°. 

Steel  in  cnemical  composition  stands  intermediate  between  cast-iron  and  wrought- 
iron,  and  may  be  made  from  either  as  the  starting-point.     The  first  method,  and 


for  a  time  the  only  one,  was  the  "cementation  process."  In  this  the  bare  ot 
wrought-iron  cut  in  short  lengths  are  packed  with  fine  charcoal  in  fire-clay  chests 
or  "troughs,"  and  heated  to  about  1100°  for  from  4  to  8  days,  when  the  bars  are 
found  to  be  converted  into  hard  steel,  known  ^.hlister  steel.  This  is  then  fre- 
quently melted  in  plumbago  crucibles  at  a  whiteTieat  an^cast  into  ingots  known  as 
CTucibli  sleet,  which  is  the  hardest  and  finest  variety,  and  is  used  for  edged  tools 
and  teinper  steel.  The  second  method  of  steel-making  is  the  Bessemer  process, 
whjch,  as  has  well  been  said,  is  the  greatest  metallurgical  discovery  that  has  ever 
been  made.  In  this  we  start  with  cast-iron,  of  which  some  4  to  10  tons  are  melted 
in  one  charge  in  a  vessel  known  as  the  "converter,  "  and  a  blast  of  air  at  a  pressure 
of  »o  to  JO  pounds  per  square  inch  is  blown  through  the  molten  metal  until  the 
necessary  amount  of  carbon  has  been  burned  out.  The  Bessemer  converter  is 
shown  in  Fig.  13a  in  general  view.  The  converter,  which  is  lined  with  iire-brick,  is 
firet  heated  to  a  bright  red  heat  and  put  into  a  horizontal  position.  The  pig-iron 
30 
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is  then  run  in  from  a  cupola,  or  it  may  be  direct  from  the  blast-furnace,  and  the 
blast  turned  on  when  the  converter  is  swung  back  into  a  vertical  position.  The 
reaction  lasts  some  20  minutes,  and  is  known  to  l)e  complete  by  the  change  in  the 
appearance  of  the  flame  that  issues  from  the  mouth  of  the  converter.  In  this  time 
the  carbon  oT  the  cast-iron  is  almost  entirely  burned  out,  leaving  what  might  be 
called  a  wrought-iron.  The  converter  is,  therefore,  returned  to  the  horizontal 
position,  the  blast  is  shut  off,  and  a  certain  quantity  (some  7  per  cent.)  of  spiegel- 
eisen,  rich  in  carbon  and  manganese,  is  added  to  the  charge,  which  gives  to  the 
iron  the  quantity  of  carbon  necessary  for  its  transformation  into  steel,  while  the 
manganese  reduces  what  oxide  of  iron  has  formed  in  the  molten  mass.  The  pres- 
ence of  phosphorus  in  more  than  the  mAst  minute  quantity  is  very  injurious  to 
the  quality  of  steel,  and  in  making  steel  by  the  origmal  Bessemer  process  it  was 
necessary.  ttL^lect  pig-iron  containing  the  least  of  this  element.  A  modification 
6f  the  process  \vas  therefore  made  in  order  to  enable  good  steel  to  be  made  from 
pig-iron  containing  larger  quantities  of  phosphorus.  This  modification  is  known 
as  the  basic  Bessemer  process,  and  consists  in  lining  the  converter  with  fire-brick 
made  from  a  mixture  of  lime  and  magnesia,  obtained  by  calcining  dolomite. 
These  bases  absorb  the  phosphorus  with  the  production  of  phosphates  of  calcium 
and  magnesium,  and,  after  use,  the  so-called  basic  brick  containing  these  substances 
are  solcf  to  the  fertilizer  industry.  The  third  process  for  the  manufacture  of  steel 
is  the  "  open -hearth  "  or  Siemens-Martin  process.  In  this  is  taken  either  a  mix- 
ture of  pig-iron  and  ore,  which  is  heated  with  a  reverberatory  flame,  as  in  the  pud- 
dling process,  or  bars  and  blooms  of  wrought-iron  are  heated  with  the  pig-iron, 
and  steel  is  made  by  the  combination  of  the  two.  The  steel  so  obtainea  is  run, 
while  in  the  molten  state,  through  suitable  channels  into  ingot  moulds  to  solidify. 

Steel  contains  0.8  to  1.5  per  cent,  of  carbon,  all  of  which  is  chemically  combined 
vnth  the  iron.  Its  specific  gravity  is  7.6-8.0.  It  has  a  fine-grained  structure,  and 
melts  at  about  1400°.  If  cooled  rapidly  it  becomes  hard  and  brittle;  if  cooled 
slowly  it  is  soft  and  may  be  forged  and  welded.  Steel  is  tempered  by  reheating 
it  to  temperatures  varying  from  220°  to  320°,  according  to  the  use  intended,  and 
then  allowing  it  to  cool  slowly.     It  thus  acquires  elasticity  combined  with  hardness. 

Manganese,  chromium,  nickel,  tungsten,  niolybdenum,  etc.,  are  used  at  times  to 
produce  special  steels  noted  for  hardn'^ss,  tougnness,  strength,  resistance  to  shock, 
etc.  Very  pure  refined  steel  is  also  obtained  in  the  electric  furnace,  which  per- 
fectly eliminates  many  of  the  ordinary  impurities  like  phosphorus  and  sulphur. 

The  production  of  pig-iron  in  the  three  chief  producing  countries  of  tn^  world 
for  1903  was:  United  States,  18,009,252  tons;  Great  Britain,  8,935,063  tons;  Ger- 
many and  Luxemburg,  10,085,634  tons.  The  production  of  steel  during  the  same 
year  was:  United  States,  14,534,978  tons;  Great  Britain,  5,134,101  tons;  Ger- 
many and  Luxemburg,  8,801,515  tons. 

In  1905  the  production  of  pig-iron  in  the  United  States  amounted  to  22,992,380 
tons,  of  Bessemer  steel  10,941.375  tons,  and  of  open-hearth  steel  8,971,376  tons. 

Properties. — The  purest  of  the  commercial  varieties  just  mentioned 
is  wrought-iron.  Accordingly  this  is  taken  as  the  official  iron  of  the 
Pharmacopoeia  (Ferrum,  U.S. P.),  and  is  described  as  "metallic  iron  in 
the  form  of  fine  bright  and  non-elastic  wire."  Its  other  characters  have 
been  given  under  wrought-iron.  Another  form  of  the  metal  recognized 
officially  is  reduced  iron  (Ferrum  Reductum,  U.S. P.).  This  is  iron 
reduced  from  the  sesquioxide  by  hydrogen.  The  oxide  is  directed  to  be 
prepared  by  the  U.  S.  Pharmacopoeia  of  1870  by  calcining  the  thor- 
oughly-washed subcarbonate.  The  reduced  iron  forms  an  iron-gray 
powder  without  metallic  lustre,  readily  oxidizing  on  exposure  to  air,  and 
liable  to  contain  some  oxide  of  iron  froni  imperfect  reduction  or  after 
oxidation. 

COMPOUNDS  OF  IRON. 

Iron  forms  two  well-defined  series  of  compounds:  the  ferrous,  in  which 
it  has  the  valence  II,  and  the  ferric,  in  which  we  have  the  group  Fe,, 
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with  the  valence  VI  (or  the  atom  Fe  with  the  valence  III).  Of  these  the 
latter  class  are  the  more  stable.  There  is  also  a  ferric  acid  in  which  the 
metal  acts  with  the  valence  VI,  and  plays  an  electro-negative  or  acid- 
forming  part. 

IRON  AND  THE  HALOGENS. 

Ferrous  Chloride^  FeCla.  may  be  obtained  crystallized  from  hydrochloric  acid 
solution's  in  green  monoclinic  prisms  which  are  deliquescent.  An  anhydrous  salt 
is  also  obtained  by  passing  hydrochloric  acid  over  heated  iron,  and  sublimes  in 
white   leaflets.         •  .  i  -  •      .    .  -       T      v  ,  ' 

Ferric  Chloride,  FeClj.  Ferri  Chloridum,  U.S.P.— The  official  salt 
crystallizes  indistinctly  in  orange-yellow  masses,  which  arc  ''odorless  or 
having  a  faint  odor  of  hydrochloric  acid  and  a  strongly  styptic  taste." 
It  is  very  deliquescent  in  moist  air.  Very  soluble  in  water  and  alcohol. 
It  melts  at  35.5®,  forming  a  reddish-brown  Hquid.  When  strongly  heated 
it  is  decomposed,  hydrochloric  acid  fumes  escaping,  and  a  mixture  of 
chloride  and  oxide  remaining.  An  aqueous  solution  of  ferric  chloride 
is  official  (Liquor  Ferri  Chloridi,  U.S. P.),  containing  not  less  than  29 
per  cent,  of  the  anhydrous  salt  FeCljand  corresponding  to  10  per  cent, 
of  metallic  iron.  It  is  also  official  as  tincture  (Tinctura  Ferri  Chloridi, 
U.S.?.). 

Ferrous  Bromide,  FeBra,  may  be  obtained  crystallized  with  6HaO  in  bluish- 
green,  rhombic  tablets,  or  anhydrous  as  a  yellowish  crystalline  mass. 

Ferric  Bromide,  FeBrs,  may  be  obtained  in  the  form  of  dark-red  crystals  by 
heating  iron  in  an  excess  of  bromine  vapor.  It  is  deliquescent,  and  its  solution 
dissolves  ferric  hydroxide  readily  with  formation  of  soluble  uxybromides. 

Ferrous  Iodide,  Felj,  is  readily  obtained  in  nearly  colorless  solution  by 
warming  a  mixture  of  iodine  and  iron  filings  with  water.  This  solu- 
tion readily  oxidizes  on  exposure  to  the  air  with  separation  of  iodine. 
It  is  therefore  protected  from  oxidation  by  being  admixed  with  sugar  of 
milk  and  then  evaporated  down,  reduced  to  powder,  and  kept  in  a  well- 
stoppered  bottle.    -•  |6     ■ 

Ferric  Iodide,  Fels.  may  be  prepared  by  heating  iron  filings  with  an  excess  of 
iodine,  but  is  unstable,  and  decomposes  on  cooling  into  ferrous  iodide  and  free 
iodine. 

Both  Ferrous  Fluoride,  FeFa,  and  Ferric  Fluoride,  FeFs,  have  been  obtained, 
and  are  relatively  stable.  The  former  may  be  had  crystallized  with  8  molecules 
of  HaO  in  greenish  prisms,  and  the  latter  in  colorless  crystals  with  9  molecules  of 
HaO. 

IRON  AND  OXYGEN. 

Ferrous  Oxide,  FeO,  is  obtained  as  a  blacky  po>vder  either  by  reducing  ferric 
oxide  with  carborTmStioxide  or  by  heating  feme  oxide  to  300**  and  passing  hydro- 
gen over  it.  It  readily  oxidizes,  and  when  prepared  by  this  latter  method  becomes 
incandescent  on  exposure  to  the  air,  so  rapid  is  the  oxidation. 

Ferrous  Hydroxide,  Fe(0H)2.  is  thrown  out  of  ferrous  solutions  by  the 
alkalies  as  a  greenish-white  precipitate.  It  soon  absorbs  oxygen,  and 
changes  first  to  a  dirty  green  and  then  to  a  reddish-brown.     Ferrous 
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hydroxide  is  also  formed  by  the  action  of  pure  water  containing  air  in 
solution  on  iron.  It  dissolves  in  about  150,000  parts  of  water  with  an 
alkaline  reaction. 

Ferric  Oxide,  FcjOg,  is  found  abundantly  in  nature  as  red  hematite 
or  specular  iron.  Artificially  it  is  prepared  by  igniting  the  hydroxiae  or 
any  ferric  salt  containing  a  volatile  acid,  forming  what  looks  at  first  like 
a  steel-gray  powder,  but  which,  when  finely  ground,  takes  a  dark-red 
color.  It  is  also  obtained  on  a  large  scale,  when  fuming  sulphuric  (or 
Nordhausen)  acid  is  distilled  from  green  vitriol,  as  a  dark-red  powder 
under  the  name  of  "  colcothar  "  or  caput  moriuum,  and  is  used  as  polishing- 
powder  and  as  a  basis  of  paints.  Natural  ochres  also  furnish  an  oxide 
C^'^       which,  after  ignition,  proves  valuable  for  use  as  a  pigment. 

FerriQ  Hydroxide,  Fe(0H)3  (Ferri  Hydroxidum,  U.S.P.  8th  Rev.),  is 
'formed  when  a  ferri  c"soliiti6n  is  "precipitated  by  adding  an  excess  of  am- 
monia. It  appears  as  "a  brownish-red  magma,  wholly  soluble  in  hydro- 
chloric acid  without  effervescence.*'  On  boiling  it  becomes  more  com- 
pact, gives  up  water,  and  is  converted  into  the  basic  hydroxide  FejO- 
(OH)^  (or  Fe203  -f  2H2O).  The  same  change  takes  place  gradually  by 
the  prolonged  contact  of  the  precipitated  hydroxide  with  water,  and 
ultimately  a  bright-red  amorphous  powder  of  the  composition  FejOj- 
^  (0H)2  (or  FcjO,  +  H.^0)  remains.     Neither  of  these  lower  hydroxides 

is  as  efficient  an  arsenic  antidote  as  the  freshly-precipitated  ferric 
hydroxide.  Freshly -precipitated  ferric  hydroxide  is  soluble  in  solu- 
tion of  ferric  chloride  with  dark-red  color  owing  to  the  formation  of  a 
basic  chloride.  If  this  solution  be  allowed  to  dialyze  we  can  obtain  a 
liquid  containing  98.5  per  cent,  of  ferric  hydroxide  in  colloidal  solution 
and  1.5  percent,  of  hydrochloric  acid.  These  solutions  are  known  as 
"Dialyzed  Iron." 

Fcrroso-ferric  Oxide,  Fe^O^  (or  FcO.Fe._,03). — This  combination  of  the 
two  oxides  of  iron  is  fo'urrd"a6uhdantly  in  nature  as  the  magnetic  or  black 
oxide  of  iron.  It  is  also  formed  when  iron  is  quickly  burned  itToxygen 
or  when  steam  is  passed  over  ignited  iron.  The  iron  scale  thaf  Forms  when 
wrought-iron  is  heated  in  the  air  is  a  varying  mixture  of  ferrous  and  ferric 
oxides. 

A  similar  combination  of  ferric  oxide  with  other  protoxides  occurs  in 
nature  as  the  mineral  Frankliniie  (containing  zinc  oxide  with  ferric 
oxide),  while  in  Chromite  (or  chromic  iron)  we  find  chromium  sesquioxide 
with  ferrous  o\ide  in  combination. 

Ferric  Acid. — When  iron  filings  are  fused  with  nitre  we  obtain  a  cherry-red 
fused  mass  from  which  water  dissolves  out  potassium  jcrratc,  K2Fe04.  This  com- 
pound may  be  obtained  in  crystals  isomorphous  with  potassium  chromate  and 
sulphate.  It  is.  however,  unstable  and  soon  decomposes.  The  free  acid,  HaFeO«. 
has  not  been  obtained. 

OXYGEN  SALTS  OF  IRON. 

Ferrous  Sulphate,  FeSO^.jHoO  (Ferri  Sulphas,  U.S.P.) .  has  long 
been  known  under  the  name  of  green  vitriol.    It  forms  **  large,  pale  bluish- 
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green,  monoclinic  crystals^jwithout^or,  and  with  a^aline  styptic. taste; 
efflorescent  in  dry  air.'^  In  moist  air,  the  crystals  rapidly  absorb  oxygen 
and  become  coated  with  a  brownish -yellow  crust  of  basic  ferric  sulphate. 
It  is  readily  soluble  in  water,  insoluble  in  ajcohol.  The  aqueous  solution 
of  the  salt  has  an  acid  reaction.  When  heated  the  salt  loses  6  molecules 
of  water  at  i  oo^'aii^rthe  seventh  only  at  300°.  The  official  dried  ferrous 
sulphate  (Ferrt  Sulphas  Exsiccatus,  U.S. P.)  is  stated  to  have  ap- 
proximately the  composition  2FeS0^.3H20,  and  forms  a  grayish-white 
powder.  The  official  granulated  salt  (Ferri  Sulphas  Granulatus, 
U.S. P.)  has  the  same  composition,  FeSO^.yHjjO,  as  the  crystals,  but  is 
got  in  crystaUine  powder  by  allowing  the  clear  aqueous  solution  to  run 
into  alcohol,  in  which  the  salt  is  insoluble. 

Ferrous  sulphate  forms  crystallizable  double  salts  with  alkali  sulphates, 
as  FeS0,,(NHj.^S0^.6H.^0.  As  these  double  salts  are  more  stable  than 
the  ferrous  sulphate  by  itself  and  oxidize  only  slowly  in  the  air,  they  are 
often  used  in  the  laboratory.  i<.  \  . ..    '  '"^    .  '        ♦  .  '    .    . 

Ferric  Sulphate,  FeASO^)^,  forms  a  white  mass  which  gradually  dis- 
solves in  water  with  a  reddish-brown  color.  The  solution  is  official  as 
Liquor  Ferri  Tersulphatis,  U.S.P.  Ferric  sulphate  unites  with  alkaH 
sulphates  to  form  iron  alums.  Of  these,  the  ammonium  alum,  FeNH^- 
(SOj^  4  12H2O,  is  official  as  Ferri  et  Ammonii  Sulphas,  U.S.P.  It 
crystallizes  in  *'pale  violet,  octahedral  crystals,  without  odor,  and  having 
an  acid,  styptic  taste;  efflorescent  on  exposure  to  the  air."  It  is  soluble 
in  water,  insoluble  in  alcohol. 

A  basic  or  subsulphate  of  iron  is  also  official  in  solution  as  Liquor 
Ferri  Sufosulphatis,  U.S.P.,  known  commonly  as  MonseVs  Solution. 
In  its  preparation,  the  ferrous  sulphate  taken  is  converted  into  ferric  sul- 
phate at  the  expense  of  the  nitric  acid  added ;  but  the  sulphuric  acid 
mixed  with  the  nitric  is  in  quantity  insufficient  to  form  the  normal  salt. 
The  formula  assigned  to  the  salt  contained  in  this  solution  is  Fe^O(SO^)^, 
or  according  to  other  authorities  Fe2(SOj35Fe.j03.H20. 

Ferric  Nitrate,  Fe(N08)8.  is  formed  when  iron  is  dissolved  in  nitric  acid.    It  crys 
tallizes  either  with  12  molecules  of  water  in  cubes  or  with  18  molecules  in  mono- 
clinic  crystals,  both  forms  being  colorless  and  deliquescent. 

Ferrous  Phosphate,  Fe8(P04)a.8H20,  occurs  as  the  mineral  vivianite  in  bluish 
monoclinic  prisms.  Obtained  artificially  it  is  a  white,  amorphous  powder,  which 
speedily  oxidizes  in  the  air. 

Ferric  Phosphate,  FeP04,  is  obtained  as  a  white  precipitate  on  adding  sodium 
phosphate  to  ferric  soliiHons.  It  is  present  in  the  official  scale  prepiaration  Ferri 
Phosphas  SolubUus.  U.S.P. 

Ferric  Pyrophosphate,  Fe4(Pa07)8,  is  the  salt  present  in  Ferri  Pyrophosphas 
Solubilis,  U.S.P.,  another  scale  preparation. 

Ferric  Hypophosfhite,  Fe(PHa02)8,  Ferric  Hypophosphis,  U.S.?.,  forms  **a 
white  or  grayish-wnite  powder,  odorless  and  nearly  tasteless;  permanent  in  the 
air.  "    Like  other  hypopnosphites  it  is  readily  oxidized  by  oxidizing  agents. 

Ferrous  Carbonate,  FeCOj,  occurs  in  nature  as  the  mineral ^,siderite  or 

'spathic  iron.  _It  is  artificially  obtained  by  adding  sodium  carbonate  to 

ferrous  solutions,  forming  a  white  precipitate  which  rapidly  oxides  in  the 

air  to  ferric  hydroxide.    The  official  preparation  Ferri  Carbonas  Sac- 
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charatus,  U.S.P.^  protects  the  carbonate  by  admixture  with  sugar. 
Ferrous  carbonate  is  slightly  soluble  in  water  containing  dissolved  carbon 
dioxide,  and  hence  is  present  in  the  natural  chalybeate  mineral  waters. 
Very  interesting  gaseous  compounds  are  formed  by  the  action  of  carbon 
monoxide  upon  iron,  such  as  Fe(CO)^  and  Fe(CO),.  These  are  formed 
when  CO  or  gases  containing  the  same  are  left  in  contact  with  heated 
iron  or  when  the  gas  imder  pressure  is  in  contact  with  the  metal.  These 
gaseous  compounds  are  decomposed  at  a  red  heat  depositing  metallic  iron. 

Potassium  Ferrocyanide  and  Ferricyanide  are  described  later  under  the 
cyanogen  compounds  in  Part  IV. 

The  organic  salts  of  iron,  such  as  the  Tartrate  and  Citrate,  etc.,  are 
also  noted  in  Part  IV. 

IRON  AND  SULPHUR. 

Ferrous  Sulphide,  FeS,  is  obtained  artificially  by  fusing  together  iron 
and  sutphur.  It  forms  a  dark-gray  or  black  metallic  mass,  which  finds 
extended  use  in  the  chemical Tabdfatory"as  a  source  of  hydrogen  sulphide 
gas.  If  flowers  of  sulphur  and  finely-divided  iron  are  intimately  mixed 
and  then  moistened  with  water,  the  union  takes  place  at  ordinary 
temperatures.  Ferrous  sulphide  is  also  precipitated  as  a  black  precipitate 
by  the  use  of  alkali  sulphides,  in  ferrous  solutions  directly  and  in  ferric 
solutions  after  previous  reduction  of  the  iron  salt  to  the  ferrous  state. 

Ferric  Sulphide^  F.eS^  occurs  abundantly  in  nature  sls  pyrites,  a  mineral 
used  on  a  large  scale  in  the  manufacture  of  sulphuric  acid  and  green  vitriol. 

NICKEL. 

Symbol,  Ni.  Atomic  Weight,  58.3.  Valence,  II  and  (Nia)vi. 

History. — The  ore  known  as  copper-nickel  (niccolite)  was  known  as 
early  as  1694  to  resemble  copper  in  appearancewithoiit  containing  that 
metal,  but  it  was  only  in  1751  that  Cronstedt  stated  that  it  contained  a 
foreign  clement  to  which,  in  1754,  he  proposed  to  give  the  name  of  nickel. 

Occurrence. — The  most  important  sources  of  nickel  at  present  are 
the  mines  of  New  Caledonia,  an  island  in  the  South  Pacific  belonging  to 
France,  and  Sudbury,  Ontario;  the  most  important  mine  in  the  United 
States,  that  of  Lancaster  Gap,  Pennsylvania,  is  now  practically  ex- 
hausted. The  ore  worked  in  New  Caledonia  is  the  hydrated  silicate  of 
nickel  and  magnesia  known  as  garnierite  (or  genthite),  while  that  of 
Canada  and  Lancaster  Gap  is  a  nickeliferous  pyrrhotite  (magnetic  pyrites). 
The  sulphide  known  as  millerite,  and  the  arsenide  {niccolite  or  copper- 
nickel  ) ,  arc  also  well-known  ores.  The  nickel  ores,  especially  the  sulphide 
and  arsenide,  are  always  associated  with  the  corresponding  cobalt  ores. 

The  production  of  nickel  throughout  the  world  in  1901  was  as  follows: 

New  Caledonia 6,202  tons. 

Canada 4,141      " 

All  other  localities 30     " 

Total 10,373      " 
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Most  of  the  Canadian  ore,  however,  is  smelted  and  reduced  to  metal 
in  the  United  States. 

Preparation  and  Properties. — Such  nickel  ores  as  contain  sulphur  or  arsenic 
are  first  roasted,  and  the  product,  known  as  **speiss,  **  is  then  dissolved  in  hydro- 
chloric acid,  and  the  separation  of  nickel  from  the  accompanying  metals  accom- 
plished in  the  wet  way.  The  New  Caledonian  ore,  being  free  from  arsenic,  sulphur, 
and  cobalt,  is  smelted  in  a  blast-furnace  very  much  like  iron  ores,  or  it  may  be  at 
once  treated  with  hydrochloric  acid,  and  the  solution  of  nickel  salt  then  precipi- 
tated with  oxalic  acid  and  the  oxalate  reduced  to  metal  with  lime  and  carbon. 

Nickel  is  a  lustrous  white  metal  with  a  steel-gray  tinge.  Its  specific  gravity 
is  8.9.  When  pure  it  is  malleable,  and  can  be  welded.  The  cast-nickel  formerly 
obtained  from  arsenide  and  sulphide  ores  did  not  possess  these  properties,  owing 
to  the  combined  carbon,  which  made  it  like  cast-iron.  In  1879,  Fleitmann  dis- 
covered that  the  addition  of  ^  of  i  per  cent,  of  magnesium  rendered  the  nickel 
malleable  and  more  fusible.  Since  then  it  has  been  found  that  manganese  in  amount 
from  2  to  5  per  cent,  would  accomplish  the  same  result.  The  purest  nickel  has  been 
made  by  Mond,  who  takes  up  the  metal  in  a  gaseous  condition  as  Ni(CO)4,  by  pass- 
ing carbon  monoxide  over  it  at  a  moderate  heat,  and  then  at  a  higher  tempera- 
ture decomposes  the  compound,  separating  pure  metallic  nickel. 

This  reaction  has  also  been  applied  on  a  large  scale  for  the  extraction  of  nickel 
from  low  grade  ores. 

Uses  of  the  Metal. — Nickel  has  long  been  used  in  admixture  with 
copper  and  zinc  in  the  manufacture  of  German  silver ;  it  has  also  been 
used  with  copper  alone  in  coinage  alloys,  and  within  recent  years  in 
the  manufacture  of  nickel-steel  armor-plate,  which  has  produced  a 
great  increase  in  the  demand  for  the  metal.  In  the  form  of  wire  nickel 
steel  h^  many  applications,  including  resistance  wire,  as  a  substitute 
for  German  silver,  wire  cables  for  mines,  torpedo  defense  netting, 
electric  lamp  wire,  as  a  substitute  for  platinum  wire,  umbrella  wire, 
corset  wire,  for  use  when  a  low  coefficient  of  expansion,  such  as  wire 
used  in  the  manufacture  of  armored  glass  and  in  the  motmting  of 
lenses,  mirrors,  etc.,  and  for  balances  for  clocks,  rules,  measuring  rods, 
pendulum  rods,  thermostats,  rheostats,  circuit  breakers,  etc.  It  is  also 
used  extensively  for  fine  springs  and  fine  tools.  Nickel-plating  has  also 
been  an  important  utilization  of  the  metal,  as  the  coating,  if  well 
deposited,  undergoes  scarcely  any  oxidation,  and  takes  a  high  polish. 
The  solution  from  which  the  plating  is  done  is  always  that  of  the 
nickel-ammonium  sulphate. 

Nickel  Compounds, — Nickel,  like  iron,  forms  two  well-defined  series  of  salts: 
the  nickelous  compounds,  in  which  it  has  the  valence  two,  and  the  nickelic,  in  which 
the  double  atom  Nia  acts  as  a  hexad  group.  The  former  series  appear  to  be  the 
more  stable. 

Nickelotis  Chloride,  NiCla.6HaO,  forms  green  monoclinic  prisms,  soluble  in  water 
and  alcohol.  When  heated  they  lose  water,  and  when  anhydrous  show  a  yellow 
color. 

Nickelous  Cyanide,  Ni(CN)a,  is  an  apple-green  precipitate  easily  soluble  in  ex- 
cess of  potassium  cyanide,  with  the  formation  of  a  crystalline  double  salt,  Ni(CN)a.- 
2KCN.  This  salt  is  easily  decomposed  by  dilute  acids,  and  therefore  is  not  analo- 
gous to  the  ferrocyanides  and  cooalticyanides, 

Nickelotis  Oxide,  NiO,  occurs  sparingly  in  nature  as  the  mineral  bunsenite,  and 
may  be  obtained  artificially  by  igniting  the  hydroxide,  carbonate,  or  nitrate.  It 
forms  a  green,  crystalline  powder. 

Nickehus  Hydroxide,  Ni(OH)a,  is  thrown  down,  when  alkalies  are  added  to 
nickelous  solutions,  as  a  bright-green  precipitate.     It  dissolves  in  ammonia  water 
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with  a  blue  color,  and  separates  out  as  a  green,  crystalline  powder  on  boiling  the 
ammoniacal  solution. 

Nickelous  Sulphate,  NiS04.7HaO. — This  salt  crystallizes  from  aqueous  solutions 
in  green,  rhombic  crystals,  isomorphous  with  magnesium  sulphate.  From  solu- 
tions containing  an  excess  of  acid  there  separate  at  ordinary  temperattuies  NiSO*.- 
6HaO,  in  bluish -green,  quadratic  pyramids,  and  at  50°- 70**  green,  monoclinic 
crystals  of  the  same  composition.  The  double  sulphate  used  for  nickel-plating  is 
NiS04,(NH4)2S04.6HaO. 

Nickelous  Sulphide,  NiS. — The  sulphide -is  found  in  nature  as  millerite,  of  brass- 
yellow  color.  Obtained  by  precipitation  by  alkali  sulphides  in  nickelous  solutions 
it  is  black. 

Nickelic  Oxide,  NiaOs,  is  a  black  powder  obtained  by  gentle  ignition  of  the  nitrate 
or  carbonate  in  air.  It  behaves  like  a  peroxide,  as  it  dissolves  in  sulphuric  or 
nitric  acid  with  evolution  of  oxygen,  and  in  hydrochloric  acid  with  evolution  of 
chlorine. 

Nickelic  Hydroxide,  Nia(OH)e. — If  chlorine  be  passed  through  the  nickelous 
hydroxide  suspended  in  water,  this  higher  compound  is  obtained.  It  is  also  formed 
as  a  black  precipitate  when  the  solution  of  a  nickelous  salt  is  warmed  with  an 
alkaline  hypochlorite. 

COBALT. 

Symbol,  Co.  Atomic  Weight,   58.56.  Vafence,  II  and  (Coa)^''. 

History. — Certain  ores  containing  cobalt  were  known  to  impart  a 
blue  color  to  glass  when  smelted  with  it,  and  in  these  Brandt,  in  1735, 
pointed  out  the  presence  of  a  peculiar  metal  to  which  he  gave  the  name 
of  kobalt-rex.  Thus  the  discovery  of  cobalt  as  a  distinct  element  ante- 
dates that  of  nickel. 

Occurrence. — Cobalt  is  found  as  sulphide  (linncBite),  and  as  mixed 
arsenide  and  sulpharsenide  with  nickel  (speiss-coFalt  and  cobalt-glance), 
and  arsenate  (cobalt-bloom).  The  New  Caledonian  mines  also  afford  an 
ore  containing  some  3  per  cent,  of  cobaltic  oxide,  which  is  smelted  by 
the  Maletra  Works  at  Rouen.  France. 

Preparation  and  Properties  of  the  Metal. — The  arsenical  ores  of  cobalt  are 
roasted  and  then  smelted  with  limestone  or  sand,  whereby  the  impurities  form 
a  slag,  leaving  the  "  cobalt  -  spe  i  ss, "  which  is  then  dissolved  in  hydrochloric  acid, 
as  in  the  case  of  the  nicITel  ores.  "The  final  separation  of  the  cobalt  from  the  accom- 
panying metals  is  effected  by  the  use  of  bleaching-powder,  which  precipitates 
the  cobaltic  hydrate. 

Cobalt  is  a  slightly  reddish-white  irietal,  harder  than  iron,  and  of  specific  gravity 
8.9.  It  is  attracted  by  magnets,  but  in~aTesscr  degree  thSfi  iron,  ft  is  slowly  at- 
tacked by  sulphuric  and  hydrochloric  acids,  more  readily  by  nitric  acid.  Cobalt 
is  somewhat  used  for  plating  upon  other  metals  like  nickel,  but  most  ot  it  is  made 
into  the  oxide  for  use  in  the  manufacture  of  the  pigment  smalt. 

Cofti pounds  of  Cobalt. — Two  well-defined  series  of  compounds  are  formed  her^ 
also:  the  cobaltous  and  the  cobaltic,  corresponding  to  the  ferrous  and  the  ferric. 
The  former  of  these  possess  a  reddish  color  when  in  the  hydrated  state,  but  becbme 
blue  when  made  anhydrous. 

Cobaltous  Chloride,  C0CI2.  is  obtained  by  the  solution  of  cobaltous  oxide  in  hy- 
drochloric acid.     It  forms  red,  prismatic  crystals  which  dissolve,  yielding  a"  pale- 
pinkish  solution.     This  is  well  known  as  the  basis  of  "sympathMi'c  inks;"  these 
leave  upon  paper  almost  invisible  characters,  which,  when  sharply  dried,  become 
blue. 

Cobaltous  Oxide,  CoO.  is  obtained  as  a  green  powder  on  heating  out  of  contact 
with  air  the  cobaltous  hydroxide. 

Cobaltous  Hydroxide,  Co(OH)2.  is  obtained  as  a  rose-red  precipitate  on  the  addi 
tion  of  alkalies  to  hot  cobaltous  solutions.     In  cold  solutions  a  blue  basic  salt  is 
precipitated. 
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CohaUous-CobaUic  Oxide,  C03O4.  is  a  compound  corresponding  to  the  magnetic 
oxide  of  iron,  and  is  obtained  when  either  of  the  other  oxides  of  cobalt  or  the  nitrate 
is  heated  in  the  air.    J^forn^ ajjlacl^jiawder. 

CobaUic  Oxide,  CoaOaT^rrSpoftllTiig  to  terric  oxide,  is  obtained  as  a  dark-brown 
powder  by  gently  igniting  the  nitrate. 

CobaUic  Hydroxide,  Co(OH)e,  is  obtained  as  a  brownish-black  precipitate  if  an 
alkaline  hypochlorite  is  added  to  a  cobaltous  solution.  This  is  dissolved  by  sul- 
phuric acid  with  liberation  of  oxygen,  and  by  warm  hydrochloric  acid  with  libera- 
tion of  chlorine;  cold  dilute  hydrochloric  acid,  however,  dissolves  it  with  scarcely 
any  evolution  of  gas,  forming  CoaCle.  which  decomposes  on  heating,  however, 
into  cobaltous  chloride  and  chlorine. 

Cobaltous  Sulphate,  C0SO4.7H2O,  forms  dark-red,  monoclinic  prisms. 

Cobaltous  Nitrate,  Co(N03)a.6HaO,  forms  red,  deliquescent  pnsms. 

Cobalt  Silicates. — When  glass  of  any  variety  is  fused  with  a  cobalt  salt  a  dark- 
blue  color  is  obtained.  This  colored  glass,  when  reduced  to  :*  powder,  is  used  as  a 
pigment  under  the  name  of  smalt.  The  application  of  ores  of  cobalt  for  this  pur- 
pose appears  to  date  from  the  sixteenth  century.  Commercial  smalt,  made  from 
sand,  potashes,  and  roasted  cobalt  ores,  contains  usually  from  6  to  16  per  cent, 
of  cobalt. 

Two  other  pigments  are  also  obtained  from  cobalt  oxide:  Tltenard*s  blue  (or 
cobalt  ultramarine),  by  igniting  it  with  alumina,  and  Rinmann's  green,  by  igniting 
it  with  zinc  oxide. 
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THE     PLATINUM     GROUP. 

PLATINUM. 

Syw^oi,  Pt.  Atomic  Weight,  193.3.  Valence,  II  and  IV. 

.  History. — There  is  some  evidence  that  platinum  was  known  to 
ScaHger,  who  died  in  1558,  but  not  until  after  1735 — ^^  which  time  Ulloa 
carried  it  to  Europe  from  South  America — did  this  metal  begin  to  receive 
due  attention.  Later,  Wood,  Von  Scheffer,  and  many  other  prominent 
chemists  studied  the  element.  In  1772,  Graf  von  Sickingen  proposed 
platinum  foil  and  wire  for  use  in  chemical  analysis,  while  to  Hare,  and 
to  Deville  and  Debray,  is  due  the  credit  of  introducing  the  metal  for  the 
construction  of  apparatus  required  in  industrial  chemistry.  The  name  is 
from  the  Spanish  word  platina,  the  diminutive  of  plata,  silver. 

Occurrence. — Like  jold,  this  element  occurs  widely  distributed  in 
nature,  but  nowhere  is^t  found  accumulated  uTiarge  quantity.  It  is 
generally  found  in  the  form  of  the  so-called  platinunnores,  which  are 
alloys  of  platintun  with  other  metals  considered  in  llits^apter,  and  in 
which  gold,  silver^.,xQpper,  and  iron  frequeiilTy^xist.  It  is,  however, 
usually  the  chief  constituent.  '  T^hese  ores  are  almost  entirely  found  in 
alluvial  soil,  and  in  the  sand  of  rivers,  usually  in  small,  steel-gray 
flattened  or  angular  grains,  and  seldom  in  larger  or  definitely  crystal- 
lized masses. 

The  main  deposits  are  in  the  Urals,  particularly  on  the  eastern  slope, 
in  South  America,  Borneo,  Australia,  Mexico,  and  California.  The 
world's  supply  of  platinum  for  the  year  1905  amoimted  to  about  300 
kilos  from  South  America  and  6,000  kilos  from  Russia. 

Commercial  gold  and  silver  often  contain  small  quantities  of  platinimi. 

Preparation. — The  method  which  was  formerly  used  for  the  purification  of 
native  platinum  was  suggested  by  Wollaston.  It  consisted  in  treating  the  crude 
metal  first  with  nitric  acid,  then  with  hydrochloric  acid,  and  afterward  with  boil- 
ing nitro-hydrochloric  acid.  The  last  solvent  dissolves  the  platinum^^  palladium, 
and  a  portion  of  the  rhodium,  and  leaves  undissolved  a  mixture  of  osmium,  iri- 
dium, ruthenium,  and  rhodium,  known  as  osmiridiutn.  The  platinum  is  thrown 
down  from  the  solution  by  ammonium  chloride,  as  the  double  chloride  of  platinum 
and  ammonium.  This,  when  ignited,  leaves  the  metal  in  a  finely-diviaed  state 
known  as  spongy  platinum.  The  last  substance  is  con^pressed  into  a  cake  by  power- 
ful pressure,  and  is  then  welded  at  a  white  heat  into  a  homogeneous  mass.  De- 
ville's  method,  however,  has  almost  entirely  superseded  that  just  mentioned.  In 
this  the  platinum  ore  is  melted  with  an  equal  weight  of  galena  and  half  its  weight 
of  metallic  lead.  The  platinum  is  thus  taken  up  by  the  lead  while  the  osmiridium 
remains  unattacked.  The  platinum-lead  alloy  is  then  melted  and  exposed  to  a 
current  of  air,  by  which  the  lead  is  oxidized,  the  oxide  flowing  off  as  slag  and 
the  platinum  being  left  as  a  porous  mass.  This  is  placed  in  a  furnace  made  of 
lime,  and  melted  by  means  of  a  powerful  oxy hydrogen  blow-pipe  flame. 

The  accompanying  figure  shows  the  apparatus  used  for  this  purpose.    The  nozzle 
of  the  oxyhydrogen  blast -lamp  is  introduced  through  a  perforation  in  the  dome 
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of  the  furnace,  through  which,  also,  another  opening  xa  made  for  the  introduction 
of  the  porous  metal.  From  the  lip-shaped  exit  at  the  side  the  melted  metal  may 
be  poured  into  moulds. 

Properties. — In  the  compact  state  platinum  is  of  white  color.  It 
possesses  a  decided  metallic  lustre,  great  malleability,  susceptibility  of 
pohsh,  and  solidity.     Next  to  gold  and  silver  it  is  the  most  ductile  of 


PkatftiDm  furnice. 


metals.  Its  malleability  is  considerably  lessened  by  contamination  with 
other  metals,  and  is  particularly  noticeable  in  commercial  platinum 
which  contains  iridium.  Platinum  belongs  to  the  most  difficultly  fusible 
metals.  Except  i:T  a  very  attenuated  state  and  in  small  quantity,  it 
requires  the  heat  ol  the  oxyhydrogen  flame  or  the  flame  from  the  com- 
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bustion  of  coal-gas  in  oxygen  to  melt  it.  Its  melting  point  has  been 
determined  to  be  1779°  C.  Like  iron  it  can  be  welded  at  a  white-heat. 
It  crystallizes  in  cuBesand  octahedra.  The  specific  gravity  of  the  melted 
metal  is  21.15,  o^  ^^^  hammered  metal  21.45.  ^^  ^^  temperature  does 
it  combine  with  oxygen.  Like  copper  and  silver,  the  melted  metal 
possesses  the  property  of  absorbing  oxygen,  which,  as  the  metal  is  allowed 
to  cool,  is  given  off,  causing  the  phenomenon  of  "spitting." 

Compact  platinum  does  not  absorb  oxygen,  but  it  condenses  this  gas 
on  its  surface,  and  partly  changes  it  to  ozone.    This  occurs  even  at  50°. 

The  strongly  oxidizing  action  of  the  metal  in  such  a  condition  may  be 
conveniently  illustrated  by  heating  a  small  piece  of  platinum  foil  in  the 
flame  of  a  Bunsen  burner,  and  then  quickly  extinguishing  the  flame, 
allowing  the  gas  to  escape.  The  foil  glows,  and  if  placed  near  the  burner 
it  becomes  hot  enough  to  inflame  the  gas.  That  this  property  is  due  to 
surface  action  seems  to  be  proved  by  the  fact  that  the  more  finely- 
divided  forms  of  the  metal,  platinum-black  and  spongy  platinum,  possess 
the  same  properties  to  still  higher  degrees. 

Platinum  absorbs  hydrogen  at  a  red  heat  and  holds  it  at  ordinary 
temperatures,  but  at  a  red  heat  in  vacuo  the  gas  is  given  off.  When 
platinum  is  employed  as  the  negative  pole  in  the  electrolysis  of  water, 
it  takes  up  hydrogen,  which  it  will  again  give  up  by  the  employment  of 
the  hydrogen-laden  metal  as  positive  pole. 

When  platinum  is  reduced  from  its  chlorine  compounds  it  is  obtained 
in  an  extremely  finely-divided  condition,  and  is  then  known  as  platinum- 
black. 

This  reduction  may  be  brought  about  by  the  action  of  metallic  zinc,  or 
by  boiling  the  solution  with  an  alkali  hydroxide  or  carbonate  and  adding 
some  organic  substance,  such  as  sugar  or  alcohol.  In  the  form  of 
platinum-black,  the  metal  is  capable  of  condensing  several  hundred  times 
its  volume  of  oxygen.  It  thus  becomes  an  energetic  oxidizing  agent; 
alcohol  thrown  upon  it  is  at  once  ignited.  It  is  a  black,  hard  powder, 
which,  by  great  pressure  and  rubbing,  may  be  made  to  assume  a  white 
color.     Repeated  heating  reduces  its  power  to  condense  oxygen. 

By  forming  an  electric  arc  between  platinum  points  under  water,  the 
metal  is  liberated  in  so  fine  a  state  that  it  goes  into  colloidal  solution 
with  a  deep  black  color.  This  solution  has  a  strong  catalytic  action  and 
brings  about  many  reactions,  constituting  what  has  been  termed  an 
"inorganic  ferment." 

Under  no  circumstances  does  platinum  decompose  water.  Hydro- 
chloric, hydrofluoric,  nitric,  and  pure  sulphuric  acids  singly  do  not 
attack  platinum. 

Nitro-hydrochloric  acid  easily  and  com])letely  dissolves  it. 

When  alloyed  with  silver  it  is  dissolved  by  nitric  acid. 

Fused  alkali  sulphides,  hydroxides,  cyanides,  and  nitrates  all  attack 
the  metal.  It  is  also  affected  by  the  free  elements  or  by  mixtures  which 
liberate  the  halogens.  Platinum-ware  should  never  be  heated  in  the 
inner  cone  of  a  Bunsen-bumer  flam.e,  as  it   is  likelv  to  combine    with 


PLATINUM  AND  THE  HALOGENS.  477 

the  carbon  of  the  gas  to  form  a  compound  which  injures  the  texture  of 
the  metal.  Platinum  vessels  arq  usually  cleaned  by  rubbing  with  moist, 
rounded  sea-sand,  or  by  fusing  in  them  a  quantity  of  acid  potassium 
sulphate  until  white  fumes  of  sulphur  trioxide  are  evolved. 

Platinum-sponge  finds  use  in  Dobereiner's  tinder-box,  in  which  nascent 
hydrogen  is  inflamed  by  passing  over  the  porous  metal. 

Platinum  is  made  into  stills  for  use  in  distilHng  sulphuric  acid. 

The  metal  was  at  one  time  used  in  Russia  for  the  coinage  of  money. 

When  iridium  is  present  in  platinum  it  does  not  disquahfy  it  for  the 
preparation  of  apparatus,  but,  on  the  contrary,  better  adapts  it  for  such 
purposes,  inasmuch  as  it  makes  the  articles '  less  fusible,  more  rigid, 
harder,  denser,  and  less  readily  attacked  chemically  than  pure  platinum. 
An  alloy  of  8  parts  of  platinum  and  2  parts  of  iridium  is  only  very  slightly 
dissolved  by  nitro-hydrochloric  acid.  An  alloy  containing  10  per  cent, 
of  iridium  was  used  in  France  to  prepare  the  standard  ilieter  and  kilogram. 

Porcelain  is  ornamented  with  platinum  by  applying  a  thin  paste 
made  from  platinum  and  ammonium  chloride  by  the  aid  of  rosemary  and 
lavender  oils,  the  articles  being  subsequently  heated  in  a  muffle.  To 
coat  metallic  objects,  a  paste  of  the  same  salt  but  with  tartaric  acid,  or  the 
metal  in  the  form  of  a  very  thin  foil,  is  strongly  rubbed  on,  or  the  article 
may  be  suspended  in  a  regular  plating  bath  of  the  double  chloride  dis- 
solved in  a  solution  of  sodium  carbonate. 

PLATINUM   AND   THE    HALOGENS. 

Platinotis  Chloride,  PtCU.  is  obtained  by  heating  spongy  platinum  in  a  stream  of 
dry  chlorine  to  240^-2 50°. 

It  is  a  gray-green  powder,  insoluble  in  water,  but  soluble  in  hot  hydrochloric 
acid  to  give  a  red-brown  colored  solution. 

Chloroplatinic  Acid,   PtCl4,2HC1.6H20,   results  when  platinum  is  dissolved  in   ^ 
nitro-hydrochloric  acid  and  the  solution  evaporated  with  hydrochloric  acid  to    ^ 
expel  nitric  acid.     By  completing  the  evaporation  over  sulphuric  acid  or  caustic  . 
lime  a  deliquescent  salt  is  obtained.  ^       ^  i^ 

It  is  used  in  platinum-plating  and  as  a  reagent  for  potassium.  "    ^  "*       ^    '•  *"  * 

Platinic  Chloride,  PtCl4.5H20. — When  a  molecule  of  chloroplatinic  acid  is  de- 
composed with  two  molecules  of  silver  nitrate  and  the  resulting  precipitate  filtered 
off,  a  yellowish-red,  silver-free  solution  is  obtained,  which  upon  evaporation, 
yields  platinic  chloride  as  a  red,  crystalline,  non -deliquescent  salt. 

Both  chloroplatinic  acid  and  platinic  chloride  form  with  the  chlorides  of  potas. 
sium  and  ammonium  difficultly  soluble,  yellow,  crystalline,  double  chlorides. 
The  corresponding  sodium  and  lithium  compounds  are  soluble. 

Plaiinotis  Bromide,  FtBra,  results  as  a  brown-gray,  "insoluble  mass  when  bromo- 
platinic  acid  is  heated  to  200°. 

Platinic  Bromide,  PtBr4.  is  not  known  except  in  combination  with  hydrobromic 
acid  as  bromoplatinic  acid.  The  latter  is  produced  by  dissolving  platinum  in  a 
mixture  of  nitric  and  hydrobromic  acids;  it  crystallizes  in  deliquescent,  dark- 
red  prisms, 

Platinous  Iodide,  Ptl2,  is  a  black  powder  obtained  by  warming  platinous 
chloride  with  potassium  iodide. 

Platinic  Iodide,  PtU. — By  heating  an  excess  of  chloroplatinic  acid  with  potas- 
sium iodide  a  black  powder,  insoluble  in  water  and  soluble  in  potassium  iodide, 
is  obtained. 

PLATINUM    AND   OXYGEN. 

Platinous  Oxide,  PtO,  and  Platinic  Oxide,  Pt02,  are  obtained  as  black  powders 
by  careful  heating  of  the  respective  hydroxides. 
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Platinous  Hydroxide,  Pt(0H)2,  forms  a  black  powder  which  possesses  the  char- 
acters of  a  weak  base.  It  is  obtained  by  digesting  platinous  chloride  with  potassium 
hydroxide. 

Platinic  Hydroxide,  Pt(0H)4,  is  obtained  as  a  white,  flocculent  precipitate  by 
boiling  chloroplatinic  acid  with  an  excess  of  sodium  hydroxide,  ana  then  acidify- 
ing the  liquid  with  acetic  acid. 

Flatinous  Sulfhide,  PtS,  and  Platinic  Sulphide,  PtSa,  are  precipitated  from  the 
corresponding  chlorides  when  the  latter,  in  water  solution,  are  treated  with  hydro- 
gen smphide.    They  are  black-brown  powders. 

Platinum  forms  many  series  of  ammonium  compounds.  Fulminating  platinum 
is  produced  by  decomposing  platinum  and  ammonium  chloride  with  potassium 
h>rdroxide.  It  is  a  straw-colored  powder  whose  composition  has  not  been  deter- 
mined. 

RHODIUM. 

Symbol,  Rh.  Atomic  Weight,  102.2.  Vcilence,  II  and  IV. 

Wollaston  discovered  this  element  in  an  American  platinum  ore  in  1804,  and  on 
accotmt  of  the  rose-red  color  of  its  chloride  gave  to  it  the  name  rhodium.  Apart 
from  its  occurrence  in  platinum  ores,  rhodium  occurs  alloyed  with  gold.  In  the 
compact  state  it  is  a  gray-white,  malleable  metal,  which  is  more  difficultly  fusible 
than  platinum,  but  more  easilv  than  iridium.  Its  speciiic  gravity  is  12.6.  It  oxi- 
dizes superficially,  becoming  olue  when  strongly  heated  in  the  air  or  in  contact 
with  alkalies.  Rhodium  is  insoluble  in  all  acids  with  the  exception  of  nitro-hydro- 
chloric.  Its  alloys  are,  however,  more  easily  dissolved.  At  a  red  heat  chlorine 
produces  with  the  finely-divided  metal  red,  insoluble  rhodium  chloride,  RhgCle. 

Rhodium  ei ves  oxides  of  the  following  compositions :  RhO,  Rh208,  and  RhOi. 
The  hydroxides,  Rh(0H)4  and  Rh8(0H)6,  are  known. 

RUTHENIUM. 

Symbol,  Ru.  Atomic  Weight,  100.9.  Valence,  II  and  IV. 

Ruthenium  was  first  observed  in  1828,  by  Osann,  in  the  residues  from  the  work- 
ing of  the  Russian  platinum  ores. 

The  name  ruthenium  was  applied  to  the  new  element  because  the  ores  came 
from  Russia.    It  was  first  prepared  in  a  pure  state  by  Claus,  in  1848. 

It  also  occurs  as  sulphide  in  laurile,  which  is  found  along  with  platinum  ores  in 
Borneo  and  Oregon. 

Ruthenium  is  a  gray-white,  brittle  metal,  which,  with  the  exception  of  osmium, 
is  the  most  difficultly  fusible  of  the  members  of  the  platinum  group. 

When  melted  the  metal  is  somewhat  oxidized.  The  specific  gravity  of  ruthenium 
is  12.26.    The  acids,  including  nitro-hydrochloric  acid,  fail  to  dissolve  it. 

At  a  low  red  heat  the  metal  combines  with  chlorine  to  give  ruthenium  dichloride, 
RuCl2.    The  other  chlorides  known  are  Ru2Cle  and  RuCU. 

Besides  oxides  and  hydroxides  of  the  same  constitution  as  those  yielded  by 
rhodium,  ruthenium  also  forms  RUO2  and  RuOi.  By  fusing  the  finely-divided 
metal  with  potassium  hydroxide  and  potassium  nitrate,  potassium  rutheniate, 
KaRu04,  is  obtained.  It  dissolves  in  water  with  a  red-yellow  color;  the  solution 
blackens  the  skin.  Nitric  acid  throws  down  from  the  water  solution  a  black  pre- 
cipitate of  ruthenium  sesquihydroxide,  Rua(OH)e,  which  dissolves  in  hydrochloric 
acid  with  an  orange-red  color. 

PALLADIUM. 

Symbol,  Pd.  Atomic  Weight,  105.7.  Valence,  II  and  IV. 

In  1803  palladium  was  discovered  by  Wollaston  in  native  platinum.  He  named 
it  after  the  then  recently  discovered  planet  Pallas.  It  is  alloyed  with  platinum  in 
almost  all  ores  in  which  the  last  metal  is  found.  To  some  extent  it  occurs  in  the 
pure  state,  in  the  form  of  small,  flattened  grains,  which  are  mixed  with  the  Bra- 
zilian platinum  ores. 

A  Brazilian  gold  ore  which  contains  from  5  to  10  per  cent,  of  palladium  forms 
its  chief  source.  In  its  appearance,  lustre,  hardness,  and  malleability  this  metal 
is  very  similar  to  platinum .  1 1  is  the  most  fusible  of  the  platinum  metals  ( 1 500®  C.) . 
Heated  in  air  it  becomes  superficially  oxidized,  but  at  a  higher  temperature  regains 
its  lustre.     It  has  a  specific  gravity  of  11.9. 
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Hot,  strong  mineral  acids  and  alkalies  attack  the  metal.  This  element  has  an 
affinity  for  hydrogen  that  has  characterissed  it  above  all  others.  Palladium  hydride, 
PdaH,  which  contains  about  600  volumes  of  hydrogen,  is  stated  to  be  the  product 
of  the  union,  and  is  considered  to  be  an  alloy  of  the  elements  whose  formation 
takes  place  most  favorably  at  100**.  In  forming  this  compound  the  metal  is  said 
to  occlude  the  gas.  Palladitmi  generally  occurs  in  commerce  in  foil.  It  is  used 
to  some  extent  for  the  mountings  of  physical  and  mathematical  instruments  and 
in  dental  wares. 

Of  the  chlorine  compounds  of  the  metal  only  p>alladious  chloride,  PdCla,  is  known 
in  the  isolated  state,  although  palladic  chloride,  PdCU,  may  result  when  the  metal 
is  dissolved  in  nitro-hydrochloric  acid.  When  this  solution  is  evaporated  chlorine 
is  given  off,  and  brown-red  prisms,  having  the  composition  PdCla.2HaO,  are  ob- 
tained. The  aqueous  solution  of  the  last  salt  serves  for  the  quantitative  separa- 
tion of  iodine  from  bromine  and  chlorine. 


IRIDIUM,    -.-[i^e.tl       U\^-  c,     ^■^'■'  ' 
Symbol,  It.  Atomic  Weight,  191.5.  Valence,  II  and  IV. 

Iridium  was  discovered  along  with  osmium  in  1804,  by  Smithson  Tennant,  in 
the  osmiridium  left  in  the  working  of  platinum  ores.  On  account  of  the  manifold 
colors  which  the  solution  of  its  chloride  showed,  he  designated  it  by  its  present 
name.  Besides  the  above  source  it  is  sometimes  found  alloyed  with  platinum  alonet 
Iridium  forms  in  the  compact  state  a  pure  white,  steel-like,  lustrous,  brittle  metal. 
It  is  harder  and  less  fusible  than  platmum,  and  has  a  specific  gravity  of  22.4.  It 
behaves  somewhat  like  palladium  when  heated  in  air  or  oxygen.  In  the  compact 
state  it  is  insoluble  in  all  acids.  Only  in  the  divided  state  is  it  soluble  in  nitro- 
hydrochloric  acid  to  give  iridium  tetrachloride,  IrCU. 

The  oxides  and  hydroxides  of  iridium  have  the  following  formulas:  IrO,  IraOs, 
IrOa,  Ir(OH)a,  Ira(OH)i«,  and  Ir(OH)4.  They  are  all  recognized  as  compounds 
having  weak  properties  both  as  acids  and  bases.  Their  salts  are  but  little  known. 
Platinum  is  alloVed  with  iridium  to  increase  its  resistance  to  chemicals.  It  is 
used  to  tip  gola  pens,  which  are  thereby  rendered  much  more  durable.  To 
impart  a  black  color  both  the  finely-divided  metal  and  the  sesquioxide  are  used  in 
porcelain  decorations. 

OSMIUM. 

Symbol,  Os.  Atomic  Weight,  189.6.  Valence,  II  and  IV. 

Osmium  was  discovered  in  1804,  by  Smithson  Tennant,  along  with  iridium,  in 
the  osmiridium  or  insoluble  residue  left  upon  treatment  of  the  platinum  ores  with 
nitro-hydrochloric  acid. 

The  name  is  from  the  Greek  word  oofiv,  meaning  odor. 

The  metal,  when  finely  powdered,  emits  a  peculiar,  pungent,  iodine-like  odor, 
in  consequence  of  the  formation  of  osmic  anhydride,  OSO4.  Osmium  is  the  heav- 
iest metal  known,  having  the  specific  gravity  of  22.47.  It  is  hard,  bluish-white, 
and  volatile  at  the  temperature  of  melting  indium.  Its  melting  point  is  given  as 
2500*  C.  The  metal  combines  with  chlorine  to  give  osmium  dicMoride,  OsCla,  and 
tetrachloride,  OsCU.    Osmium  sesquichlofide,  OsaClei  is  not  known  in  the  free  state. 

The  following  oxides  and  hydroxides  are  known:  OsO,  OsaOs,  OsOa,  C)s04, 
Osa(OH)e,  and  Os(OH)4. 

Fuming  nitric  acid  and  nitro-hydrochloric  acid  convert  osmium  into  osmic 
anhydride,  OSO4,  which  is  also  produced  by  melting  the  metal  with  potassium 
nitrate.  Osmic  anhydride  forms  colorless,  glistening  needles,  which  volatilize 
without  decomposition.  The  vapors  emitted  by  this  substance  are  irritating  to 
the  eyes  and  suffocating.  It  is  soluble  in  water,  giving  a  colorless,  neutral  solution 
which  has  a  caustic  taste  and  the  peculiar  iodine-like  cxior  of  the  anhydride. 

Osmic  anhydride  is  an  oxidizing  agent.  It  is  used  as  a  stain  in  histological 
work.    Osmic  acid,  HaOs04,  is  not  known  in  the  free  state. 

When  alcohol  is  added  to  a  solution  of  the  anhydride  in  potassium  hydroxide  a 
reddish  precipitate  of  potassium  osmate,  Ka0s04.2Ha0,  is  thrown  down. 

The  great  hardness  of  osmiridium  is  taken  advantage  of  for  cutting  glass,  as  also 
for  the  manufacture  of  the  points  of  writing  pens. 
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ORGANIC   CHEMISTRY, 


CHAPTER    I. 

INTRODUCTORY. 

I.  Distinction  between   Organic   and  Inorganic   Compounds.— 

It  becomes  necessary  at  the  beginning  of  this  section  of  chemistry  to 
give  a  reason  for  the  separation  of  carbon  compounds  from  those  of  the 
other  elements.  Such  a  reason  seems  to  be  found  in  the  use  of  the  terms 
organic  as  appHed  to  the  chemistry  of  the  carbon  compounds,  and 
inorganic  as  appHed  to  the  chemistry  of  the  other  elements.  The  organic 
compounds, — that  is,  those  belonging  to  the  vegetable  and  animal  king- 
doms,— are  undoubtedly  produced  in  the  presence  of  and  often  as  a  result 
of  the  functions  of  vegetable  and  animal  life,  while  the  inorganic  com- 
pounds, found  mainly  in  the  mineral  kingdom,  represent  simply  ..the  re- 
sult of  the  action  of  the  laws  of  chemical  attraction.  Berzelius*  and  the 
older  chemists  therefore  made  the  sharp  distinction  that  oi^anic  com- 
pounds were  produced  in  some  way  under  the  influence  of  plant  or  animal 
vitality  and  could  not  be  made  artificially  in  the  laboratory,  while  inor- 
ganic compounds  could  be  built  up  artificially  by  appropriate  chemical 
reactions.  This  distinction  no  longer  exists.  It  was  first  broken  down 
by  the  synthesis  on  the  part  of  Wohlcr,  in  1828,  of  urea,  a  typical  secre- 
tion of  the  animal  organism,  followed  later  by  that  of  acetic  acid  and 
other  so-called  organic  compounds.  The  number  of  plant  and  animal 
principles  or  secretions  that  have  been  made  synthetically  is  so  large  that 
we  can  no  longer  believe  that  the  influence  of  plant  or  animal  life  is 
essential  for  their  formation.  The  same  chemical  forces  undoubtedly 
act  in  both  the  organic  and  the  inorganic  worlds. 

The  separation  of  the  carbon  compounds  from  those  of  the  other 
elements,  which  is  still  maintained  in  most  chemical  text-books,  is,  there- 
fore, at  present  mainly  a  matter  of  convenience.  Owing  to  the  peculiar 
tendency  of  the  carbon  atoms  to  aggregate  together  in  groups  and  the 
facility  with  which  the  saturating  hydrogen  of  "hydrocarbons,'*  as  the 
combinations  of  these  two  elements  are  called,  is  replaced,  the  number  of 
carbon  compounds  capable  of  formation  is  an  immense  one.  Besides  the 
many  thousands  of  these  carbon  compounds  naturally  occurring,  the 
number  artificially  formed  has  grown  enormously  in  recent  years.  It 
becomes  eminently  desirable,  therefore,  to  classify  them  and  study  them 

apart  from  the  compounds  of  the  other  elements. 
480 
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2.  Composition  and  ^Analysis  of  Organic  Compounds. — Many 
organic  compounds  contain  carbon  and  Hydrogen  only,  and  are  known 
as  *' hydrocarbons/'  The  other  elements  found  at  times  as  constituents 
of  organic  compounds  are  oxygen  and  nitrogen,  and  less  frequently 
sulphur  and  phosphorus.  The  halogens  and  other  elements  are  often 
introduced  by  substitution  into  the  formulas  of  organic  bodies. 

The  analysis  of  the  carbon  compounds  may  be  either  qualitative  or 
quantitative,  and  both  of  these  methods  may  be  appHed  with  reference  to 
the  ultimate  (or  elementary)  and  the  proximate  composition  of  the  sub- 
stance analyzed. 

(a)  Qualitatively,  carbon  is  shown  in  many  cases  by  the  charring  which 
takes  place  when  the  substance  is  heated  on  a  strip  of  platinum  foil.  In 
case  the  material  is  volatile  without  decomposition,  it  is  mixed  with  easily 
reducTBle  substances,  such  as  copper  oxide  or  chromate  of  lead,  placed  in 
a  tube  sealed  at  one  end,  and  heated,  when  the  carbon  is  oxidized  to 
carbon  dioxide.  The  escaping  gas  may  be  conducted  through  lime- 
water,  and  the  presence  of  carbon  will  be  indicated  by  the  turbidity 
produced  in  this. 

The  same  mixture  of  the  suspected  organic  compound  with  oxide  of 
copper  or  chromate  oTlead  when  heated  will  give  rise  to  the  formation 
Of  water  if  hydrogen  is  present.  This  will  condense  in  the  cooler  part  of 
the  tube  or  may  be  received  iiT  a  Weighed  lute  containing  calciimi 
chloride. 

Organic  nitrogenous  substances  heated  in  a  tube  closed  at  one  end 
^th  soda-lime  (a  mixture  of  caustic  soda  with  lime)  will  give  off  am- 
moma»  xeadily  recognizable  by  its  odor  or  by  the  use  of  red  litmus  paper. 
Some  nitrogenouis  compounds  do  not  respond  to  this  test.  A  test  appli- 
cable, however,  to  all  organic  nitrogenous  compounds  is  to  heat  the 
substance  in  a  small  dry  test-tube  with  a  fragment  of  metallic  sodiimi 
aiid  to  test  the  metallic  cyanide  formed  by  dissolving  the  melted  mass 
in  water,  filtering,  heating  with  a  few  drops  of  ferrous  sulphate  and 
caustic  soda  solutions,  and  then  adding  ferric  chloride.  On  the  addition 
of  hydrochloric  acid,  a  precipitate  of  Prussian  blue  is  obtained  if  nitro- 
gen were  originally  present. 

The  halogens  cannot  always  be  detected  by  the  direct  addition  of 
silver. nitrate  solution.  If  the  substance,  however,  be  ignited  with  qtiick- 
Hme,  the  haloid  calcium  salt.^Q  formed  can  be  tested  for  with  silver 
nitrate.  Or  the  suSstance  may  be  mixed  with  pure  copper  oxide  and 
ignited  on  a  loop  of  platinum  wire.  A  blue  color  changing  to  green 
appearing  in  the  flame  will  indicate  chlorine,  and  a  green  color  iodine. 
Still  another  method  consists  in  heating  the  substance  with  fuming  nitric 
acid  and  silver  nitrate  in  a  sealed  tube,  when  the  haloid  silver  salt  is 
produced. 

Sulphur  can  be  detected  by  ignition  with  sodium,  forming  sodiimi 
sulphide,  which  is  then  dissolved  out  and  tested  for  with  sodiimi  nitro- 
prusside,  yielding  a  purple  coloration.  Or  the  substance  may  be  oxidized 
either,  in  case  it  be  a  solid,  with  a  mixture  of  potassium  hydroxide  and 
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nitre,  or.  in  case  it  be  a  liquid,  with  fuming  nitric^cid^  The  sulphur  is 
thus  converted  into  sulphuric  acid,  wHich  is  theSTested  for  with  bariiim 
chloride. 

Phosphorus  is  also  capable  of  oxidation  into  phosphoric  acid  by  the 
same  means,  and  this  can  then  be  tested  for  as  usual  with  sodium  molyb- 
date.  Ignition  with  powdered  magnesium  will  cause  the  formation  of  a 
phosphide  which  on  moistening  with'""waler^ill  evolve  phosphoretted 
hydrogen. 

All  other  elements,  after  complete  oxidation  of  the  organic  compound 
as  above,  may  be  tested  for  by  the  methods  of  inorganic  chemistry. 

(b)  Quanlilatively,  carbon  and  hydrogen  are  always  determined  to- 
gether by  what  is  termed  an  ort^nic  combustion.  In  this  case  a  weighed 
'^Ha^tify  of  the  substance  JsTi^ited"  in"'^a^be  of  difficultly  fusible  glass 
along  withaft  casilT-re4ttCi51c  substance  like  oxide  of  copper  gr  chromate 
of  lead.  The  carbon  is  oxidized  to  carbon  dioxide  and  the  hydrogen  to 
water,  both  of  which  are  to  be  collected  in  weighed  absorption  vessels. 
'i' he  "increase  in  weight  of  these  allows  of  a  determination  of  the  amount 
of  carbon  and  hydrogen  respectively  present  in  the  substance  burned. 
Either  a.  tube  sealed  at  one  end  may  be  used.jn  which  casejhe  sealed  end 
is  drawn  out  to  a  fine  point  so  that  at  the  end  of  tKeTieating  itmay  be 
broken  and  a  current  of  purified  air  or  oxygen  passed  tTirougH.  or  a  tube 
open  at  both  ends  is  taken.  In  the  latter  case  the  combustion  is  carried 
out  from  beginning  to  end  in  a  current  of  oxygen  freed  from  moisture 
and  carbon  dioxide  gas  by  passage  through  suitable  absorption  bottles. 
The  water  produced  by  the  oxidation  of  the  hydrogen  of  the  organic 
substance  is  caught  in  a  weighed  tube  containing  fused  and  granulated 
chloride  of  calcium,  and  the  carbon  dioxide  produced  by  the  oxidation 
of  the  carbon  of  the  organic  substance  is  caught  in  a  weighed  bulb  appar- 
atus containing  strong  caustic_  potash  solu- 
tion. Instead  of  the  older  form '"of  potash 
bulbs  known  as  fHe  Ciebig"BuIbs.  the  ap- 
paratus of  Geissler  shown  in  Fig.  134  is  now 
more  generally  used  because  of  the  con- 
venience in  weighing.  One-ninth  of  the  jp- 
crease  of  weight  of  the  chlorlHc  ot  calcium 
tube  represents  ^he  weight  of  the  hydrogen, 
while  three -elevenths  of  the  increase  of  weight 
of  the  potash  bulbs  represents  the  weight  of 
the  carbon. 

If  the  organic  compound  is  nitrogenous,  a  spiral  of  metallic  copper  or 
silver  must  be  placed  in  the  front  end  of  the  combustion  tube  and  kept  at 
a  low  red  heat  in  order  to  prevent  the  oxides  of  nitrogen  from  going  over 
in  the  absorption  apparatus  and  vitiating  the  results.  Organic  com- 
pounds containing  sulphur  must  be  burned  with  chromate  of  lead,  which 
will  oxidize  the  sulphur  and  hold  it  as  sulphate  of  lead.  Halogens  pre- 
sent in  an  organic  compound  are  held  as  silver  haloid  salts  by  the  use  of 
the  silver  spiral  before  alluded  to. 
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The  nitrogen  of  an  organic  compound  is  either  determined  absolutely 
after  liberation  as  gas  and  its  volume  measured,  or  it  is  converted  into 
ammonia  by  combustion  with  soda-lime  as  in  the  Will-Varrentrap  method, 
or  by  heating  with  strong  sulphuric  acid  and  potassium  permanganate  as 
in  the  Kjeldahl  method.  In  the  determination  of  nitrogen  by  volume  a 
tube  closed  at  one  end  is  used,  and  in  the  farther  end  sodium  bicarbonate 
or  magnesite  is  placed.  This  is  first  heated  so  as  to  displace  all  the  air 
of  the  tube  by  carbon  dioxide,  and  then  the  substance  is  burned  with 
copper  oxide,  a  copper  spiral  being  used  of  course  in  the  front  end  of  the 
tube  to  decompose  oxides  of  nitrogen.  The  nitrogen  gas  is  collected 
over  strong  potash  solution,  which  absorbs  the  carbon  dioxide  and 
allows  of  the  measurement  of  the  volume  of  residual  nitrogen.  In  the 
spHa-lirriP  proress  the  suhstanco  is  burned  in  a  tube  ,close<J_at  one  end, 
somewhat  shorter  than  the  ordinary  combustion  tube,  and  the  ammonia 
produced  IS  absorbed  in  pure  strorig  hydrochloric  acid.  We  may  then 
either  determmeTHc'ammoiiiaTicre  caught  as'sal  amniohlac  by  the  use  of 
platinic  chloride,  or,  if  a  measured  amount  of  hydrochloric  acid  of  known 
strength  was  taken,  may  titrate  back  with  normal  alkali  solution  and 
so  determine  the  ammonia  indirectly.  In  the  Kjeldahl  process  the  sub- 
stance is  heated  with  concentrated  sulphuric  acid,  for  some  time  to  a 
temperature  near  the  boiling  point  of  the  latter,  the  addition  of  small  por- 
tions of  powdered  potassium  permanganate  near  the  end  of  the  action 
sufficing  to  complete  the  ammonia  formation.  The  mixture  is  then 
diluted  with  water,  supersaturated  with  caustic  soda,  and  the  ammonia 
distilled  off  and  determined  volumetrically. 

The  methods  for  the  determination  of  the  halogens,  sulphur,  and 
phosphorus  have  already  been  indicated  in  speaking  of  their  qualitative 
detection. 

Oxygen  is  always  determined  by  difference,  as  no  reliable  general 
method  for  its  determination  exists. 

3.  Physical   Properties   of  Organic   Compounds. — ^The   physical 

"pfDpCfties'are  just  as  important  points  for  observation  in  the  cas^  of 

ofganic  compounds  as  with  inorganic  substances,  only,  instead  of  crys- 

-"talline  form,  hardness,  lustre,  color,  etc.,  the  important  properties  for 

"    consideration  in  this  connection  are  fusing  point,  boiling  point,  vapor- 

densityr  and  in  some  cases  optical  properties. 

(a)  Fusing  Point, — Most  organic  solids,  when  sufficiently  pure,  fuse 
either  with  or  without  decomposition  at  a  constant  temperature.  To 
determine'TRe  iFusing  point  a  small  quantity  of  the  substance  carefully 
dried  and  pulverized  is  placed  in  a  capillary  tube  scaled  at  one  end, 
and  this  is  attached  by  a  rubber  band  to  a  thermometer  in  such  a 
way  that  the  capillary  tube  with  the  substance  is  immediately  adjacent 
to  the  bulb  of  the  thermometer.  A  round -bottomed  flask  with  a  long 
neck  is  then  taken,  and  in  this  is  placed  concentrated  sulphuric  acid  or 
paraffin  so  that  the  bulb  of  the  flask  is  three-quarters  full.  The  ther- 
mometer with  capillary  tube  attached  is  held  in  position  by  passing  it 
through  a  perforated  cork  fitted  in  the  neck  of  the  flask,  and  dips  into  the 
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liquid  faii^enough  to^allpw  ^he  bulb  and  substance  in  the  capillary  to  be 
covered.  A  small  side  tuBe  fitted  in  the  perforated  cork  allows  the  air 
to  escape  when  the  flask  is  heated.  The  heat  is  applied  gradually,  and 
the  moment  the  substance  in  the  capillary  is  in  clear  fusion  the  tempera- 
ttire  is  read  off. 

(b)  Boiling  Point  and  Fractional  Distillation.— }/Lost  organic  liquids 
boil  without  decomposition  at  a  fixed  temperature,  which  is  called  their 
boiling  point.  Even  in  the  case  of  such  hquids  as  cannot  be  distilled 
Vitliout  decomposition  under  ordinary  atmospheric  pressure,  it  is  often 

possible  by  distilling  them  under  reduced  pressure  or  in  vacuo  to  get 
them  to  vaporize  at  a  constant  temperature.  A  boiling  point,  constant 
for  the  same  atmospheric  pressure,  is  taken  as  one  of  the  most  reliable 
indications  of  purity  and  identity  of  organic  liquids. 

To  determine  the  boiling  point  the  liquid  is  placed  in  what  is  termed  a 
distillation  bulb^  This  consists  of  a  bulb  with  tall,  narrow  neck  into  the 
^  whictiat  some  height  above  the  liquid  is  fused  a  delivery  tube 
bending  downward  at  an  oblique  angle.  The  neck  of  the  distillation  bulb 
Ts  cTosW"b)r"a  tight-fitting  cork  perforated  for  a  slender  thermometer. 
The  latter  must  extend  so  far  into  the  neck  that  the  mercury  bulb  comes 
just  below  the  lateral  exit  for  the  vapors,  but  never  dips  into  the  liquid. 
If  in  making  a  boiling-point  determination  any  part  of  the  mercury 
column  extends  above  the  neck  of  the  distillation  bulb  where  it  is  sur- 
rounded by  vapor,  a  correction  must  be  made  depending  upon  the 
length  of  the  column  not  surrounded  by  vapor.  Of  course,  the  boiling 
point  is  always  dependent  upon  the  atmospheric  pressure,  as  indicated 
by  the  barometer  (see  page  48),  and  therefore  the  pressure  must  be 
noted  in  connection  with  each  boiling-point  determination. 

A  mixture  of  organic  liquids  of  different  boiling  points  can  often  be 
separated  into  its  components  by  what  is  termed  fractional  distillation, 
especially  when  the  boiling  points  of  the  individual  components  are 
moderately  removed  from  each  other.  In  this  case  fractions  of  the  dis- 
tillate are  caught  separately  at  fixed  intervals,  say  every  five  or  ten 
degrees,  and  these  are  then  distilled  by  themselves  and  the  portions 
coming  over  at  approximately  the  same  temperature  added  together. 
By  repeating  the  operation  several  times  the  distillates  show  a  tendency 
to  accumulate  at  a  few  fixed  temperatures  corresponding  to  the  boiling 
points  of  the  components  of  the  original  mixture. 

The  process  of  fractional  distillation  is  much  facilitated  by  the  use  of 
distillation  bulbs  with  special  arrangements  for  condensation  in  the 
vertical  neck  attached  to  the  bulb  or  flask,  such  as  the  apparatus  of 
Wurtz,  Linncmann.  and  Hem  pel.  These  accomplish  a  fractional  con- 
densation of  the  vapors  corresponding  to  that  effected  in  the  column 
apparatus  of  the  rectifier  or  tar  distiller. 

(c)  Determination  oj  Molecular  Weight. — This  determination  has  con- 
siderable importance  in  the_studv  of  organic  compounds,  as,  for  reasons 
to  be  explained  later,  ultimate  ofgafucTmcstysis^oes  not  generally 
enable  us  definitely    to    determine    molecular    weight    and    molecular 
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formulas.      Three  methods  for  determining  the  molecular  weights  of 
bodies  may  be  noted: 

1.  Measuring  the  vapor-density. 

2.  Raoult's  method  of  measuring  the  lowering  of  the  freezing  point 
of  a  solution. 

3.  Beckmann's  method  of  measuring  the  elevation  of  the  boiling 
point  of  a  solution. 

I .  For  determination  of  vapor-density  we  can  ascertain  the  weight  of  a 
definite  volume  of  the  vapor,  which  is  then  compared  with  the  weight  of 
the  same  voliune  of  air  under  similar  conditions  of  temperature  and 
pressure,  or  the  volume  occupied  by  the  vapor  obtained  from  a  fixed 
weight  of  the  substance,  or  thirdly,  the  voliune  of  another  substance  like 
mercury  or  air  displaced  by  the  vapor  from  a  definite  weight  of  the  com- 
pound under  investigation. 

-  -  loathe  first  class  of  determinations  belongs  the  Dumas  vapor-density 
method,  in  wliich  globes  of  heavy  glass  with  narrowed  neck  are  used. 
These  are  weighed  full  of  the  vapor  after  the  neck  has  been  sealed  by 
fusion  of  the  capillary  portion,  and  then  opened  under  mercury  so  that 
the  cubic  contents  of  the  globe  can  be  accurately  determined  by  measur- 
ing the  mercury  which  fills  it.     The  method  is  now  rarely  used. 

To  the  second  class  of  determinations  belongs  the  Hofmann  vapor- 
density  method.  In  this  case  we  have  a  tall  barometer  tube  filled  with 
"mercury  and  dipping  into  a  mercury  trough.  This  is  surrounded  by  a 
wider  mantle-tube  through  which  the  vapor  of  water,  aniline,  or  other 
higher-boiling  liquid  may  circulate.  Before  the  vapor  is  made  to  pass 
through  the  mantle,  the  weighed  portion  of  the  substance  whose  vapor- 
density  is  required  is  passed  up  into  the  barometer  tube.  Here,  as  the 
tube  becomes  heated  by  the  vapor  surrounding  it,  the  substance  vaporizes 
in  vacuo.  When  the  level  of  the  mercury  becomes  constant  in  the  tube, 
it  is  read  off  and  the  volume  of  vapor  is  calculated. 

To  the  third  class  of  determinations  belongs  the  method  of  Victor 
Meyer,  which  is  at  the  present  time  in  most  general  use.  The  apparatus 
for  this  is  shown  in  Fig.  135.  The  vessel  in  which  the  substance  is  to  be 
vaporized  is  shown  at  g.  This  is  closed  by  a  cork,  perforated  and  fitted 
with  a  glass  tube  in  which  the  little  vessel  with  substance  is  placed  as 
shown  at  p.  The  liquid  in  the  mantle  at  m  is  first  brought  to  boiling,  and 
when  air  ceases  to  issue  through  the  delivery  tube  at  e,  the  eudiometer 
tube  R  is  placed  in  position  over  the  end  of  the  delivery  tube  as  shown 
in  the  illustration.  The  little  tube  containing  the  substance  is  then  caused 
to  fall  by  bending  the  wire  support  to  one  side.  The  vapor  of  the  organic 
compound  displaces  an  amount  of  air  corresponding  to  its  volume  at  the 
temperature  of  the  experiment.  Not  more  than  o.i  gram  of  the  sub- 
stance is  needed  for  this  method.  From  the  results  of  this  determination, 
the  vapor-density  is  calculated  by  the  use  of  the  following  formula : 

D  =  — — — — — - — ^-^,  in  which  D  stands  for  density,  S  for  weight 
V.(B — «;)o.ooi293 

of  substance,  /  for  temperature,    V  for  volume  of  air  displaced,.  B  for 
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barometric  reading,  and  tv  for  tension  of  the  vapor  of  water  at  the  tem- 

//    perature  of  the  observation.     Inasmuch  as  air  is  14.435  times  heavier 

than  hydrogen,  the  value  D  must  be  multiplied  by   14.435  to  obtain 

/      vapor-density  based  on  hydrogen,  and  by  28.87  to  get  the  molecular 

weight  of  the  substance  used. 


■  VTcfor"  Ml 


2.  The  researches  of  Raoult  (1882)  have  established  the  fact  that  when 
3  known  amount  of  a  substance  is  dissolved  in  a  measured  quantity  of  a 
solvent  (such  as  benzene  or  glacial  acetic  acid)  the  lowering  of  the  freezing 
point  of  the  latter  produced  by  the  presence  of  the  former  is  a  function 
of  the  molecular  weight  of  the  dissolved  substance.    The  formula  used 


is  M  = 


,  where  M   is  the  molecular  weight,  c  the  constant  for  the 
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liquid  used,  p  the  percentage  of  the  substance  contained  in  the  solvent, 
and  /  the  depression  of  the  freezing  point  in  degrees  Centigrade. 

The  constants  for  the  solvents  most  commonly  used  are  found  to  be: 


Benzene 49 

Glacial  Acetic  Acid  .   .  39 

Nitrobenzene 71 

Phenol 74 

Water 18.9 


Diphenylamine    ...  88 

Naphthalene     ....  69 

Urethane        51 -4 

P-Toluidine 51 

Thymol 92 


A  comparison  of  these  constants  shows  that  they  bear  the  same  ratio 
to  each  other  as  the  molecular  weights  of  the  substances  used  as  solvents. 

For  the  carrying  out  of  this  determination  Beckmann's  apparatus, 
shown  in  Fig.  136,  is  generally  used.  A  glass  tube,  a,  with  a  side  pro- 
jection, is  filled  with  15-20  grams  of  the  solvent  (weighed  accurately, 
however)  and  closed  with  a  cork  in  which  are  placed  an  accurate  ther- 
mometer, capable  of  adjustment  for  use  at  different  temperatures  and 
divided  into  hundredths  of  a  degree,  and  a  stout  platinum  wire,  serving 
as  a  stirring-rod.  This  tube  is  placed  in  a  somewhat  wider  tube,  b, 
which  serves  as  an  air-jacket.  The  whole  is  suspended  in  a  wide  battery- 
jar,  c,  which  contains  cold  water  or  a  freezing  mixture,  the  temperature 
of  which  should  be  from  2°  to  5°  below  the  freezing  point  of  the  solvent. 

The  congealing  point  of  the  solvent  is  first  determined  by  cooling  it 
several  degrees  below  its  freezing  point ;  and  then  by  agitation  with  the 
platinum  rod  (after  adding  platinum  clippings)  the  formation  of  crystals 
is  started.  During  this  formation  the  temperature  rises,  and  when  the 
mercury  becomes  stationary,  it  indicates  the  exact  freezing  point  of  the 
solvent.  After  the  mass  has  melted  again,  an  accurately  weighed  amotmt 
of  substance  is  introduced  through  e.  When  this  has  dissolved,  the  freez- 
ing point  is  redetermined  as  before. 

3.  Beckmann  has  also  worked  out  a  method  by  which  the  elevation  in 
the  boiling  point  of  a  liquid  produced  by  dissolving  any  substance  in  it 
can  be  used  for  the  determination  of  the  molecular  weight  of  the  sub- 

stance.    The  formula  used  is  M  =  c  — -,- —  ,  where  M  is  the  molectdar 

Q{t'—t) 

weight,  c  the  constant  indicating  the  molecular  elevation  of  the  boiling 

point  for  100  grams  of  the  solvent,  g  the  weight  of  the  substance,  G  the 

weight  of  the  solvent,  /  the  boiling  point  of  the  solvent,  and  t'  the  boiling 

point  of  the  solution. 

The  boiling  points  and  constants  of  the  solvents  used  are  as  follows: 


Solvent. 
Glacial  Acetic  Acid 
Acetone 
Aniline     . 
Benzene  . 
Carbon  Bisulphide 
Chloroform 
Ethyl  Alcohol     . 
Ethyl  Ether 
Methvl  Alcohol 
Phenol      .      .      . 
Water      .      .      . 


Boiling  Point.  C. 

118. I  25.3 

56.3  •             16.7 

183.0  32.2 

80.3  26.7 

46.2  23.7 

61.2  36.6 

78.3  II. 5 
35.0  21. I 

66.0  9.2 

183.0  30.4 

100. o  5.3 


n. 
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(jd)  Optical  Proi>eriies, — Many  organic  compounds  turn  the  plane  of 
polarization  of  light.  This  may  happen  with  the  bodies  in  the  solid  state, 
as  with  benzile,  Ci^Hu^Oj,  or  with  others  when  solid  as  well  as  when  in 
solution,  as  with  strychnine  sulphate;  but  most  generally  it  is  shown 
in  solutions  only,  as  those  of  tartaric  acid  and  the  sugars.  Some  liqtdds, 
Uke  oil  of  turpentine,  also  show  it  in  their  vapors. 

In  many  cases  several  optically  active  modifications  of  the  same  com- 
pound exist.  Thus,  a  dextro-rotatory  and  a  laevo-rotatory  modification 
can  be  obtained,  as  in  the  case  of  tartaric  acid.  These  will  combine  to 
form  an  inactive  variety  of  the  same  compound.  Conversely,  the  inac- 
tive variety  can  often  be  broken  up  into  the  two  optically  opposed 
varieties.  This  may  be  done  in  several  ways.  Inactive  tartaric  (racemic) 
acid  may  be  transformed  into  the  ordinary  active  variety  by  heating  to 
170°  C,  or  the  salts  of  the  inactive  acid  will  crystalUze  out  as  a  mixture 
of  the  two  opposing  varieties.  The  addition  of  certain  ferments  will  also 
cause  a  change  of  an  inactive  variety  into  an  active  one. 

The  angle  of  rotation  of  the  plane  of  polarized  light  in  the  case  of  an 
optically  active  substance  is  proportional  to  the  thickness  of  the  layer 
traversed.  It  is  also  dependent  upon  the  wave-length  of  the  light  used 
for  illumination  in  the  instnmient.  Yellow  monochromatic  light  from 
a  sodium  flame  is  generally  used.  It  is  also  somewhat  dependent  upon 
temperature. 

When  the  specific  rotatory  power  of  a  substance  is  known,  we  can,  in 
the  case  of  a  solution  containing  this  substance  as  the  only  optically  active 
ingredient,  determine  the  percentage  of  material  present  from  an  ob- 
servation of  the  angle  of  actual  rotation.  Thus,  in  the  case  of  a  sample 
of  diabetic  urine,  we  have  observed  an  actual  rotation  of  +  1.5°. 
Knowing  the  specific  rotatory  power  of  grape  sugar  to  be  52.5°  we  make 

the  calculation  p  = '--  =  2.8  per  cent,  grape  sugar.     In  case  the 

52.5  +      I 
specific  gravity  of  the  solution  is  much  over  i,  that  must  also  be  used, 

multiplying  it  into  the  denominator.    The  practical  use  of  the  polariscope 
will  be  referred  to  again  under  Sugars. 

An  explanation  of  the  optical  activity  of  organic  compounds  has  been 
offered  in  recent  years  by  LeBel  and  Van  t'Hoff.  This  is  that  optically 
active  compounds  contain  one  or  more  asymmetric  carbon  atoms — that 
is,  carbon  atoms  each  of  the  four  affinities  of  which  are  joined  to  a  dif- 
ferent atom  or  group,  as  in  the  case  of  optically  active  amyl  alcohol, 
CH, 


H — C — C3H7.     It  has  been  found  tha     all  optically  active  substances 

OH 
contain  such  asymmetric  carbon  ato^"      but  the  converse  is  not  invari- 
ably true. 

4.  Isomerism  and  Structuri.1   .ormulas. — The  results  of  an  ulti- 
mate combustion  analysis  of  an  organic  compound  will  give  us  nothing 


X 
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more  than  the  ratio  of  the  atoms  composing  it.  Even  with  the  mole- 
cular weight  obtained  by  means  of* a  vapor-density  determination,  we 
can  give  only  what  is  called  an  empirical  formula;  that  is,  one  which 
expresses  the  ntimber  of  the  seyeral  atoms  present  but  with  no  informa- 
tion as  to  how  they  are  joined  together.  We  ifind,  however,  that  there  are 
numerous  cases  where  several  bodies  may  exist  having  the  same  percent- 
age compositions,  or  even  the  same  absolute  nimiber  of  the  constituent 
atoms,  and  yet  be  quite  different  in  physical  properties.  Thus^  CH^O, 
formaldehyde,  CgH^Og,  acetic  acid,  and  CjHgO,,  lactic  acid,  will  have 
the  same  percentage  composition  although  of  different  formulas.  Again, 
pyrocatechin,  resorcin,  and  hydroquinone  all  have  the  formula  C^HgOj 
and  yet  are  quite  distinct  in  fusing  points  as  well  as  in  chemical  reactions. 

Bodies  which  have  such  points  of  agreement  and  yet  are  different  are 
said  to  be  isomeric. 

We  may  distinguish  four  distinct  cases  of  isomerism. 

(a)  When  the  isomeric  bodies  have  the  same  percentage  composi- 
tion but  a  different  molecular  weight.  Such  bodies  are  said  to  be  poly- 
meric. Thus,  CgH^,  ethylene;  CgHg,  propylene;  C^Hg,  butylene;  C^Hj^, 
amylene,  are  polymeric,  the  unit  of  increment  being  CHjj.  CHgO,  for- 
maldehyde; CgH^Oj,  acetic  acid;  CjHgOj,  lactic  acid;  CgHi20g,  grape 
sugar,  are  also  polymeric. 

(6)  When  the  isomeric  bodies  have  the  same  molecular  weight  also, 
such  bodies  are  said  to  be  metameric,  as  their  difference  is  based  upon  a 
different  arrangement  of  the  atoms  within  the  molecule.  Thus,  trimeth- 
ylamine  and  propylamine  have  equally  the  formula  CjHj^N;  methyl 
ether  and  ethyl  alcohol  have  equally  the  formula  CjHgO;  dextrose  and 
levulose  have  equally  the  formula  CgHjgOg. 

(c)  A  third  case  of  isomerism  is  what  is  termed  physical  isomerism. 
This  is  believed  to  be  due  to  a  different  geometrical  position  of  the  atoms 
in  the  molecule,  as  explained  in  the  stereochemical  theories,  and  may  be 
briefly  stated  as  follows: 

If  a  carbon  atom  is  combined  with  four  different  atoms  or  atomic 
groups  no  case  of  isomerism  can  arise  on  the  ground  of  difference  in  chem- 
ical constitution,  as  in  the  class  just  mentioned.     Yet  different  tetra 

Fig.  137. 


substitution  derivatives  may  exist  in  some  cases.  These  are  explained  by 
noting  the  difference  between  a  positive  and  a  negative  tetrahedron,  as 
shown  in  Fig.  137. 

One  of  these  figures  is  the  reciprocal  or  reflection  of  the  other.  If  we 
suppose  the  tetrad  carbon  atom  to  be  in  the  centre  of  such  a  tetrahedron 
and  the  four  saturating  atoms  or  groups  at  the  four  angles,  we  will  have 
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in  the  two  forms  of  tetrahedra  illustrations  of  the  two  possible  molecules. 
One  of  these  may  be  optically  dextro-rotatory  and  the  other  laevo-rota- 
tory,  as  in  the  case  of  the  two  varieties  of  tartaric  acid. 

(d)  We  have  yet  the  case  of  isomerism  based  upon  change  in  the 
method  of  linking  the  hydrogen  in  the  molecule.  Such  bodies  are 
called  tautomeric.  Thus,  the  formula  of  hydrogen  cyanide  may  be  N^C 
— H  or  C=N — H,  and  two  series  of  derivatives  readily  changing  into 
each  other  are  formed,  the  cyanides  and  the  isocyanides,  according  as 
one  or  the  other  molecular  grouping  exists. 

Formulas  which  show  the  method  of  the  hnking  of  the  constituent 
atoms  are  called  rational  or  structural  formulas.  Their  importance  in 
organic  chemistry,  where  differences  in  compounds  may  depend,  as 
shown  above,  on  the  variations  in  the  method  of  linking  the  elements,  is 
obvious. 

The  tetrad  character  of  the  carbon  element,  to  start  with,  is  repre- 
sented thus:  — C — .    When  these  four  bonds  of  the  carbon  are  satisfied 


H 

I 
with  hydrogen  we  have  the  fundamental  hydrocarbon  H — C — H,  meth- 


H 

ane.    The  hydrogen  atoms  are  readily  replacable  by  monad  atoms  and 

groups,  and  the  substitution  compounds  so  formed  will  be  represented 

thus: 

H  I  H  H 

III  I 

H— C— H,  H— C— I.  H— C— OH,  H— C— NHa. 

Ill  I 

CI  I  H  H 

Several  carbon  atoms  may  be  joined  together  by  the  aid  of  one  or  more 
bonds  furnished  by  each  of  the  carbon  atoms.    Thus,  we  have  the  hvdro- 
H    H' 


carbon  H — C — C — H,  ethane.     In  this  case  and  in  all  its  substitution 

I       I 
H    H 

derivatives  the  use  of  the  structural  formula  becomes  of  great  assistance 

in  showing  the  nature  and  relationship  of  the  molecule.    We  have  among 

these  derivatives 

HH  HH  HH  HH 


I  II  II  II 

H— C— C— (M.    CI— C— C— CI.    H— C— C— OH,    OH— C— C--OH. 


HH  HH  HH  HH 

A.  more  condensed  form  of  rational  formula  is  sometimes  employed,  as 
CH3.CH2CI,  CH2CI.CH2CI,  CH3.CH2OH,  CH2OH.CH2OH,   in   which   the 
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saturation  of  each  individual  carbon  atom  is  shown  without  the  aid  of 
the  graphic  formulas  showing  the  bonds. 
H    H 

I      I 
In  C=C,  ethylene,  we  have  indicated  a  double  linking  of  the  carbon 


H    H 

H   H 
atoms,    and  in      |      |  ,    acetylene,   a   treble   linking.      The   hydrogen 

C=C 
atoms  of  these  compounds  are  of  course  replaceable  by  monad  atoms  or 
groups,  as  in  the  case  of  hydrocarbons  with  the  single  linking. 

Still  more  important  becomes  the  structural  formula  in  the  case  of  the 
aromatic  bodies  such  as  benzene  and  other  cyclic  compotmds.    Here  the 

CH 

HC      CH 
fundamental  hydrocarbon  benzene  is  represented,        |       ||    ,  that  is, 

HC      CH 

CH 
six  carbon  atoms  alternately  singly  and  doubly  united,,  so  that  each 
carbon  atom  sacrifices  three  bonds  in  the  linking  of  the  molecule  and  has 
one  free  for  combination  with  hydrogen  or  its  equivalent  replacing  group. 

Such  a  method  of  linking  is  generally  known  as  the  ** closed-chain" 
structure,  in  distinction  from  the  "open-chain"  structure  before  shown 
with  ethane  and  similar  hydrocarbons. 

5.  Radicals,  Residues,  and  Atomic  Groups. — The  residue  remain- 
ing after  taking  away  one  or  more  atoms  from  an  organic  compound  is 
often  called  a  radical.  The  valence  of  this  radical  or  residue  depends 
upon  the  number  of  hydrogen  atoms  which  must  be  added  to  make  a 
saturated  compound  of  it. 

The  relative  importance  of  these  radicals  in  the  study  of  organic  com- 
pounds is  so  great  that  at  one  time  organic  chemistry  was  defined  as  the 
''chemistry  of  compound  radicals." 

Thus,  by  the  withdrawal  of  one  hydrogen  atom  from  the  saturated 
hydrocarbon  methane,  CH^,  we  obtain  the  monad  radical  methyl,  CH3; 
by  the  withdrawal  of  two  hydrogen  atoms  we  get  the  dyad  radical 
methylene,  CHji  by  the  withdrawal  of  three  hydrogen  atoms  we  get  the 
triad  radical  methenyl,  CH.  Similarly,  from  ethane,  CjjHg,  we  get  the 
monad  radical  ethyl,  C^H^,  and  from  propane,  CjH^,  we  get  the 'monad 
radical  propyl,  C^H^.  These  radicals  are  then  very  conveniently  written 
as  units  in  the  rational  formulas  of  organic  compounds,  as  CH3.CI  and 
CH,.OH,  known  as  methyl  chloride  and  methyl  alcohol  respectively,  or 
CjH^.Br  and  (C2H,)20,  known  as  ethyl  bromide  and  ethyl  ether  respectively. 

Many  of  the  inorganic  groups  or  radicals  are  made  use  of  here  in  the 
rational  formulas  of  organic  compounds,  as  (OH)*  hydroxyl,  (NOj)*  the 
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nitro-group,  (NO)'  the  nitroso-group,  (NHj)*  the  amido-group,  (NH)" 
the  imido-group,  (N)'"  the  nitril-group,  ( — N=N — )"  the  azo-group, 
and  (HSO3)*  the  sulphonic  group. 

Of  the  organic  radicals,  besides  methyl,  ethyl,  propyl,  etc.,  already 
mentioned,  we  have  the  aldehyde  group  (CO.H)",  the  carboxyl 
group  (COOH)',  the  ketone  group  (CO)",  and  the  cyanogen  group 
(CN)'. 

6.  Homologous  Series. — We  have  already  shown  the  graphic  for- 
mulas of  methane  and  ethane,  CH^  and  CgHg.  By  continuing  the  linking 
of  the  ~carKon  atoms  in  the  manner  there  shown  we  obtain  propane, 
CjHg,  butane,  C^H,y,  pentane,  CjHjg,  and  a  considerable  series  of  hydro- 
carbons. It  will  be  noticed  that  the  successive  members  of  this  series 
differ  by  the  constant  increment  CHj.  Such  a  series  of  compounds  is 
called  an  homologous  series.  Not  only  may  we  have  an  homologous 
series  of  hydrocarbons  but  the  homology  may  extend  to  the  various 
classes  of  their  derivatives.  Thus,  we  have  the  homologous  se- 
ries of  chlorides,  CH3.CI,  CaH^Cl,  C3H7CI,  C.HgCl,  C^HjiCl,  and  the 
homologous  series  of  alcohols,*  CH3OH,  CjH^OH,  C^HjOH,  C^Hj^OH. 
C,H„OH.  ^ ^ -     . 

The  explanation  of  this  constant  increment  CH2  is  had  when  we  write 
the  structural  formulas  of  such  a  series  as  just  given.  Thus,  the  hydro- 
carbons before  enumerated  are: 

H  H    H 

H— C— H  H-— C— C— H 


I 

H  H    H 

Methane.  Ethane. 

H    H    H  H    H    H    H 

II  ..      I      I      I      I 


H— C— C— C— H  H— C— C— C— C— H 

III  I       I      I      I 

H    H    H  H    H    H    H 

Propane.  Butane. 

It  will  be  seen  here  that  in  ethane  each  of  the  carbon  atoms  sacrifices 
one  bond  to  hold  together  the  molecule;  that  in  propane,  while  each  of 
the  end  carbon  atoms  sacrifies  one  bond,  the  middle  carbon  atom  must 
sacrifice  two  bonds,  leaving  only  two  free  to  attach  hydrogen ;  and  in  all 
subsequent  members  of  the  series  the  increase  consists  simply  in  insert- 
ing additional  middle  groups  CHg.  If  we  compare  such  a  series  to  a 
chain  made  up  of  connected  links,  we  will  see  that,  no  matter  how  much 
we  lengthen  the  chain,  it  can  have  only  two  end  links.  The  lengthening 
is  in  effect  but  the  insertion  of  more  middle  links.  But  in  our  hydrocarbon 
chain  the  middle  links  are  the  groups  CH^j. 

7.  Outline  of  the  Classification  of  Organic  Compounds. — In 
studying  the  nature,  composition,  and  relationship  of  organic  compounds 
we  soon  find  that  the  great  majority  of  them  can  be  arranged  in  either  one 
or  the  other  of  two  great  classes, — viz.,  the  methane  derivatives,  some- 
times called  the  aliphatic  or  fatty  bodies,  characterized  by  open  atomic 
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chain  structure,  and  the  cyclic  or  aromatic  compounds,  characterized  by  a 
closed  chain  of  carbon  atoms.  These  latter  are  again  frequently  divided 
into  the  isocyclic  compounds  in  which  the  closed  chains  contain  carbon 
atoms  only,  and  the  heterocyclic  compotmds  in  which  the  closed  chains 
contain  one  or  more  polyvalent  atoms  other  than  carbon.  There  are, 
it  is  true,  some  compotmds  which  seem  to  show  a  transitional  character 
from  the  one  to  the  other  of  these  groups  and  some  which  are  not  suffic- 
iently understood  to  allow  of  their  strict  classification  in  this  way. 

If  we  take  this  first  division  of  the  subject,  the  methane  derivatives, 
we  have  as  the  groups  of  compotmds  to  be  considered, — 

1.  Hydrocarbons. — Besides  the  saturated  series  already  referred  to 
and  known  specially  as  the  paraffin  series,  we  have  unsaturated  series 
of  hydrocarbons,  such  as  the  olefine  and  the  acetylene  series.  These  are 
hydrocarbons  stable  enough  to  exist  temporarily  in  the  free  state,  but 
tending  to  take  up  either  two  or  four  atoms  of  halogens  or  monad 
groups  and  pass  into  saturated  compotmds.  All  of  these  hydrocarbons, 
however,  both  saturated  and  unsattirated,  are  open-chain  hydro- 
carbons. 

2.  Halogen  Derivatives  of  the  Hydrocarbons. — If  obtained  from 
the  saturated  hydrocarbons  they  are  substitution  derivatives  exclusively ; 
if  formed  from  unsaturated  hydrocarbons  they  may  be  addition  com- 
pounds as  well. 

3.  Nitro-Derivatives. — ^These  contain  the  monad  group  NO^,  re- 
placing H  of  the  hydrocarbon.  They  do  not  form  so  readily  with  the 
methane  series  of  hydrocarbons  as  with  benzene  and  its  homologues. 

v^\^  4.  Alcohols. — These  are  hydroxides  of  the  hydrocarbon  radicals  and 
play  the  part  of  weak  bases.  They  may  be  monatomic,  diatomic,  etc., 
according  as  one,  two,  or  more  hydrogen  atoms  are  replaced  by  the  cor- 
responding number  of  OH  groups.     . 

5.  Ethers. — The  oxides  of  the  hydrocarbon  radicals,  corresponding 
\    to  the  metallic  oxides  of  inorganic  chemistry,  are  termed  simple  ethers. 

Two  different  hydrocarbon  radicals  may  be  united  by  one  oxygen  atom 
and  so  constitute  a  "mixed  ether." 

6.  Thio-Ethers  and  Sulphonic  Compounds. — The  first  of  these 
classes  includes  the  sulphides  of  hydrocarbon  radicals,  the  second  con- 
tains the  sulphonic  group  HSO3. 

7.  Aldehydes  and  Ketones. — These  classes  represent  the  direct  oxi- 
dation products  of  the  alcohols.  If  the  alcohol  contain  the  group  CH,.- 
OH,  that  is,  belongs  to  the  class  of  primary  alcohols,  by  oxidation  it  will 
yield  an  aldehyde;  if  the  alcohol,  on  the  other  hand,  contain  the  group 
CH.OH,  that  is,  belongs  to  the  class  of  secondary  alcohols,  by  oxidation 
it  will  yield  a  ketone.  In  the  first  case,  the  group  CH^.OH  is  changed  by 
oxidation  into  CO. H,  the  characteristic  aldehyde  group ;  in  the  second 
case,  the  group  CH.OH  is  changed  by  oxidation  into  CO,  the  characteris- 
tic ketone  group. 

8.  Acids. — When  the  oxidation  of  the  alcohols  or  basic  hydroxides  is 
carried  to  completion,  in  the  case  of  primary  alcohols  (those  containing 
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the  CH^.OH  group)  the  aldehyde  is  changed  into  the  corresponding  acid, 
the  characteristic  group  of  which  is  COOH.  Acids  are  monobasic,  dibasic, 
etc.,  according  to  the  number  of  such  groups  they  contain. 

g.  Esters. — These  are  salts  containing  an  organic  radical  as  base, 
which  is  combined  with  either  an  inorganic  or  an  organic  acid. 

ID.  Amines  and  Amides^,?— Both  these  classes  are  ammonia  deriva- 
tives. If  the  hydrogen  atoms  of  the  ammonia  molecule  are  replaced  by 
a  basic  radical  we  have  an  amine,  if  by  an  acid  radical  an  amide. 

zi.  Carbohydrates. — ^These  important  compounds,  known  also  as 
the  "sugar  and  starch  group,"  occupy  the  position  of  either  aldehydes 
or  ketones  of  hexatomic  alcohols,  and  are  treated  as  a  separate  group 
because  of  convenience  and  their  common  origin  in  the  vegetable 
kingdom. 

12.  Derivatives  of  Carbonyl. — In  these  compounds  the  funda- 
mental group  is  (CO)",  which  acts  as  an  acid-forming  radical. 

13.  Derivatives  of  Cyanogen. — In  these  compounds  the  funda- 
mental group  is  (CN)\  which  acts  in  general  like  the  halogen  elements. 

Intermediate  between  the  open-chain  hydrocarbons  with  their  deriva- 
tives just  enumerated  and  the  closed-chain  hydrocarbons  of  the  benzene 
series  containing  six  carbon  atoms  in  the  nucleus  (true  aromatic  com- 
pounds) are  several  groups. 

1.  Polymethylenes  and  derivatives,  including  trimethylene,  tetra- 
methylene,  and  pentamethylene,  which  are  all  isocyclic  compounds. 

2.  Heterocyclic  compounds  including: 

(a)  Furfuran   and  its   Derivatives. — Furfuran,  the  starting-point 

CH=CH 
of  these  compounds,  has  the  structural  formula   |  .0  and  shows 

CH=CH^ 
a  closed  chain  with  four  carbon  atoms. 

(b)  Pyrrol  and  its  Derivatives. — Pyrrol,  the  underlying  compound 

CH==CH.^ 
in  this  case,  has  the  structural  formula   |  yNH,  and  also  shows 

CH=CH^ 
a  closed  chain  with  four  carbon  atoms. 

(c)  Thiophen  and  its  Derivatives.— Thiophen,  which  is  found  as  an 
accompaniment  of  benzene  in  coal-tar,  has  the  structural  formula 
CH=-CH. 

I  yS,  showing  a  closed  chain  with  four  carbon  atoms. 

The  aromatic  compounds,  which,  as  said,  form  the  second  great  class 
of  organic  substances,  are  derived  from  what  are  termed  closed-chain 
series  of  hydrocarbons.  In  the  isocyclic  compounds  of  the  aromatic 
series,  six  atoms  of  carbon  seem  to  join  together  in  the  closed-chain 
structure  and  this  molecule  holds  together  through  many  reactions. 
We  may  also  distinguish  between  aromatic  compounds  containing  one 
nucleus  and  those  containing  more  than  one  nucleus.  Under  the  former 
class  we  have, — 
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X.  Hydrocarbons. — These  may  be  saturated,  unsaturated,  or  addi- 

CH 

^/\ 
HC      CH 

tion  hydrocarbons.     They  all  contain  the  benzene  nucleus,       |        ||     , 

HC       CH 

CH 
however,  as  the  central  feature  of  the  molecule,  and  its  hydrogen  atoms 
may  be  replaced  by  hydrocarbon  radicals,  as  CgH^.CHj. 

2.  Halogen  Derivatives. — The  halogen  derivatives  of  the  benzene 
hydrocarbons  may  be  of  two  kinds,  either  with  the  halogen  replacing 
hydrogen  of  the  nucleus,  as  CgH^Cl.CHg,  or  hydrogen  of  the  side-group, 
as  CgHj.CHgCl.    These  two  compounds  are,  it  is  seen,  isomeric. 

3.  Sulphonic  Derivatives. — These  compounds  contain  the  HSO3 
group  replacing  hydrogen.  They  are  more  readily  formed  in  the  aromatic 
series  than  in  the  methane  series  and  are  correspondingly  more  important. 

4.  Nitro-Derivatives. — Here  again  the  aromatic  hydrocarbons  are 
much  more  readily  acted  upon  than  the  paraffin  series.  The  action  of 
strong  nitric  acid  easily  converts  the  hydrocarbons  and  many  of  their 
derivatives  into  the  corresponding  nitro-derivatives  by  replacing  hydro- 
gen by  the  group  NO2. 

5.  Amido-Derivatives. — By  the  action  of  reducing  agents  the  nitro- 
derivatives  are  changed  into  the  corresponding  amido-derivatives,  the 
NO2  group  being  changed  into  the  NHj  group.  These  amido-derivatives, 
again,  give  rise  to  new  compounds  by  the  replacement  of  the  hydrogen 
atoms  of  the  NH^  group  by  basic  or  acid  radicals. 

6.  Diazo-  and  Azo-Compounds.  Hydrazines. — Both  the  diazo- 
and  the  azo-compounds  contain  the  dyad  group — N=N — .  In  the 
former  this  group  is  combined  on  the  one  side  only  with  a  hydrocarbon 
radical,  and  in  the  latter  on  both  sides  with  hydrocarbon  radicals.  The 
aromatic  hydrazines  are  substitution  derivativesof  hydrazine,  NHg — NH^. 

7.  Phenols  and  their  Derivatives.  Quinones. — ^The  hydroxyl 
derivatives  obtained  by  replacing  by  OH  the  hydrogen  in  the  benzene 
nucleus  of  aromatic  hydrocarbons  are  termed  phenols.  They  act  like 
weak  acids.  We  may  have  monatomic,  diatomic,  and  other  phenols 
according  to  the  number  of  OH  groups  so  introduced. 

The  quinones  are  compounds  in  which  two  hydrogen  atoms  of  the 
benzene  nucleus  are  replaced  by  a  dyad  group  (Oj). 

8.  Aromatic  Alcohols,  Aldehdyes,  and  Ketones. — The  aromatic 
alcohols  are  isomeric  with  the  phenols,  but  contain  the  OH  in  the  side- 
group,  so  that  they  contain  the  group  CH^OH,  and  hence  are  primary 
alcohols.  The  aromatic  aldehydes  are  the  products  of  oxidation  of 
these  alcohols. 

The  aromatic  ketones,  like  the  ketones  of  the  methane  series,  contain 
the  dyad  group  (CO)"  linking  together  two  hydrocarbon  radicals,  of 
which  at  least  one  contains  the  benzene  nucleus. 
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9.  Phenol  Alcohols  and  Phenol  Aldehydes. — When  both  hydro- 
gen of  the  benzene  nucleus  and  hydrogen  of  the  side-group  are  replaced 
by  OH  groups,  we  have  a  phenol  alcohol,  and  this  by  oxidation  of  the 
side-group  yields  a  phenol  aldehyde. 

10.  Aromatic  Acids  and  Phenol  Acids. — The  product  of  the  full 
oxidation  of  the  aromatic  alcohol  is  the  aromatic  acid.  It  contains  the 
benzene  nucleus  joined  with  one  or  more  COOH  groups.  If  the  benzene 
nucleus  contain  an  OH  group  directly  attached  in  addition,  we  have  the 
phenol  acid. 

Under  the  head  of  aromatic  compounds  containing  more  than  one 
nucleus  we  have  several  distinct  cases  to  note. 

1.  Compounds  with  Several  Uncondensed  Nuclei. — ^We  have 
here  included  the  diphenyl  group,  the  diphenylmethane  and  triphenyl- 
methane  groups,  and  the  indigo  group.  r 

2.  Compounds  with  Two  Condensed  Nuclei. — ^This  includes 
naphthalene  and  its  derivativ.es. 

3.  Compounds  with  Three  Condensed  Nuclei. — ^This  includes 
anthracene,  phenanthrene,  and  their  derivatives. 

zz.  Heterocyclic  Compounds  Containing  Nitrogen  in  the 
Nucleus,  including  pyridine,  quinoline,  and  acridine.  The  first  of  these 
corresponds  to  benzene,  the  second  to  naphthalene,  and  the  third  to  an- 
thracene, with  one  CH  group  of  the  nucleus  replaced  by  nitrogen. 

The  pharmaceutically  and  medicinally  important  classes  of  alkaloids 
and  ptomaines  follow  next.  While  these  compounds  have  not  as  yet  been 
sufficiently  studied  to  enable  us  to  classify  them  in  all  respects,  they 
appear  to  be  in  large  part  complex  derivatives  of  the  bases  pyridine 
and  quinoline  just  referred  to.  *: 

The  classes  of  terpenes  and  camphors  are  also  important  as  present  in 
the  many  naturally  occurring  essential  oils.  With  these  are  also  to  be 
considered  their  products  of  oxidation,  the  resins.  Of  these  several  groups 
are  noted,  such  as  oleo-resins,  gum-resins,  balsams,  and  hard  resins. 

The  important  class  of  glucosides  are  also  considered  as  :  upplementary 
to  the  regularly  classified  compounds  because  of  the  v  riety  of  their 
composition,  as  shown  by  the  decomposition  products,  ^^^ith  them  are 
also  noted  a  number  of  technically  importar  .  dye  u\h:>ds  and  other 
vegetable  principles. 

Lastly,  the  protein  substances  are  to  be  consi(ierc»d,  uncle  r  which  head 
the  nature,  classification,  and  reactions  of  albtmimoiis  will  be  discussed. 


'     -         w 


CHAPTER    II. 


OPEN-CHAIN     OR    ALIPHATIC    HYDROCARBONS. 

I.   The  Saturated  Hydrocarbons,  or  Paraffin  Series. 

» 

z.  Composition,  Nomenclature,  and  Molecular  Constitution. — 

We  have  shown  that,  while  the  single  atom  of  tetrad  carbon  can  take  up 
four  atoms  of  hydrogen  to  form  CH^,  two  atoms  of  carbon,  when  linked  to- 
gether in  the  same  molecule,  can  take  up  but  six  atoms  of  hydrogen,  and 
three  carbon  atoms  eight  atoms  of  hydrogen.  This  is  shown  in  the 
graphic  formulas 


H 

I 
H— C— H 


H    H 


H 


H   H    H 
H— C— C— C— H. 


I 
H 


We  have  stated  under  the  heading  of  "Homologous  Series"  that 
the  difference  between  any  two  members  of  such  a  series  is  uniformly 
CHj.  We  are,  therefore,  able  to  give  a  general  formula  for  the  entire 
series,  by  means  of  which  the  formula  of  any  individual  hydrocarbon  in 
the  series  can  be  deduced.  This  general  formula  is  CoHjn  ^  ^\  that  is,  for  a 
given  number  of  carbon  atoms  there  will  be  needed  for  saturation  twice 
as  many  hydrogen  atoms  plus  two.  More  than  that  number,  it  is  seen 
from  the  graphic  formulas,  cannot  be  attached. 

The  first  three  hydrocarbons  of  this  series,  CH^,  CjH^,  CjHg,  can  only 
be  written  structurally  ts  represented  above.  The  next  one,  however, 
C^Hjo,  may  be  written  in  either  one  of  two  ways, — 

H 

I 
H— C— H 


H    H   H    H 

I      I      I      I 
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I      I      I      I 
H    H    H    H 


or 
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CH3.CH2.CF,.CH  .  and 
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H — C — C — C — H 

I       I       I 
H    H    H 


C. 


or  more  compactly 


In  fact,  these  different  graphic  formulas  represent  two  distinct  com- 
pounds, one  boiling  at  +i°  C.  and  the  other  at  — 17°  C,  and  known 
respectively  as  normal  butane  and  iso-butane,  which  are  isomeric  with 
each  other.  In  th*  case  of  CjjHjj,  three  isomeric  compoimds  are  possible 
and  have  been  prt  .ed,  and  with  C^Hj^  five  isomers  are  possible  and 
are  known. 
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The  hydrocarbons  of  this  series  have  been  prepared  as  far  as  Cj^H,,. 

They  are  named  by  taking  the  names  first  appUed  to  the  radicals  in  the 

case  of  the  first  four  members  of  the  series,  and  after  that  the  Greek 

numerals,  and  applying  the  uniform  termination  ane.    A  table  of  the 

hydrocarbons  of  the  paraffin  series,  with  melting  and  boiling  points,  is 

attached. 

SATURATED   HYDROCARBONS— C„H«„+t. 


Formula. 


CH4. 
CsHe. 
CsHs. 
C4H10. 


C5H 


18. 


CeHii. 

C7H16. 

CeHis. 

CoHao. 

CioHaa. 

CiiHjM. 

CiaHae. 

CiaHas. 

CwHao. 

C15H33. 

CieHa*. 

C17H86. 

CisHse- 

C19H40. 

CaoH4a- 

C21H44. 

CaaH46- 

CjmHbo. 


Name. 


CavH 


se- 


CsiHm. 
CaaHee. 

CaoHva. 


Methane  . 
Ethane 
Propane  . 
Normal  Butane  . 
I  so- Butane    . 
Normal  Pentane 
Iso-Pentane  . 
Tertiary  Pentane 
Hexane 
Heptane  . 
Octane     . 
Nonane    . 
Decane 
Undecane 
Dodecane 
Tridecane 
Tetradecane 
Pentadecane 
Hexadecane  . 
Heptadecane 
Octadecane    . 
Nonadecane  . 
Eicosane 
Heneicosane 
Docosane 
Tricosane 
Tetracosane  . 


Heptacosane 

Hentriacontane 
Dotriacontane 


-20* 


"5^0 
—^ 

— 26*» 
— 12<» 

— e** 

22© 

28° 

48" 
51° 

60°" 


68° 
70° 


Pentatriacontane 


75* 


Boiling  Point. 


— 164** 

—45** 

-17- 

+37^ 
-i-30** 

69^ 

98» 

124** 

150® 

«73** 

195** 
214** 

234** 

253** 
270** 

287** 

303^ 
317° 
330** 
205** 

215** 
224° 

234° 
243° 

270° 

302** 
310** 


331" 


3 

a. 
2 

(9 

o 


2.  Occurrence,  Preparation,  and  Description  of  the  More 
Important. — The  hydrocarbons  of  the  paraffin  series  occur  abundantly, 
ready  formed  in  nature,  in  various  crude  petroleums.  The  lower  members 
of  the  series,  which  are  gaseous  at  ordinary  temperatures,  also  occur  as 
natural  gas,  which  escapes  from  the  earth  in  many  localities;  the  middle 
members  of  the  series  make  up  the  bulk  of  the  petroleums,  and  hold  dis- 
solved, when  first  taken  from  the  earth,  both  the  gases  and  the  higher 
members  of  the  series,  which  are  solids.  These  latter  may  occur  by 
themselves  also  as  ozokerite,  or  natural  paraffine. 

These  hydrocarbons  are  also  formed  in  the  dry  distillation  of  many 
naturally-occurring  substances,  such  as  bituminous  coal,  shales,  wood, 
gnd  from  fatty  oil§  when  distilled  under  strong  pressure. 
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^, 


The  first  of  the  series,  methane,  is  also  found  abundantly  in  nature  as  a 
product  of  decomposition,  and  owes  its  common  name,  "marsh  gas,** 
to  such  occurrence.  Mixed  with  small  quantities  of  carbon  dioxide  and 
nitrogen,  it  is  formed  whenever  vegetable  matter  decomposes  in  the 
presence  of  water,  as  in  the  bottom  of  marshes  and  springs.  Its  form- 
ation here  is  due  to  the  slow  decomposition  of  the  woody  fibre  under  the 
special  conditions  of  moisture,  and  probably  the  presence  of  micro- 
organisms, as  it  is  known  that  cellulose  may  undergo  a  fermentative 
decomposition  in  their  presence,  with  carbon  dioxide  and  methane  as 
sole  products,  according  to  the  reaction:  C^Hj^O^  +  Kfi  =  3CO2  +  3CH^. 

Methane  also  forms  by  the  slow  decomposition  and  change  of  bitumi- 
nous coal,  and  hence  is  present  in  abundance  in  the  galleries  of  coal- 
mines which  are  not  properly  ventilated.  When  mixed  with  air  it  con- 
stitutes the  dangerous  and  explosive  mixture  known  as  **  fire-damp.** 
Under  the  name  of  **  light  carburetted  hydrogen  "  it  is  known  also  in  the 
distillation  products  of  these  coals.  Thus,  coal  gas,  as  manufactured 
for  illuminating  purposes,  contains  from  30  to  40  per  cent,  of  methane ; 
"water  gas,**  made  by  the  action  of  steam  on  incandescent  carbon,  con- 
tains from  6  to  12  per  cent.;  while  natural  gas,  now  used  in  large 
quantities  for  fuel  purposes,  contains  from  90  to  95  per  cent,  of 
methane. 

Methane  may  be  artificially  formed  by  a  variety  of  methods: 

Sabatier  and  benderens  have  found  that  when  carbon  mon-oxide  and 
hydrogen  are  passed  over  reduced  nickel  at  2oo°-2  5o°  C,  methane  is 
formed:  CO  4;  .3H.  -  CH,  +  H^O. 

Or  a  mixture  of  carbon  disulphide  vapor  and  hydrogen  sulphide  passed 

over  ignited  copper  will  react:  CS^  +  2H2S  +  8Cu  --^  CH^  +  4CU.2S.     It 

is  generally  formed  (although  somewhat  contaminated  with  ethylene  and 

hydrogen)  by  tl;e  heating  of  anhydrous  sodium  acetate  and  soda-lime, 

f  ONa 
according  to  the  reaction    CH^COONa  +  HONa  =-  CH,  +  CO  <  q^^ 

methane  and  sodium  carbonate  being  in  theory  the  sole  products. 
Chemically  pure  methane  is  obtained  by  the  reduction  of  methyl  iodide, 
CH3I,  in  alcoholic  solution  with  copper-coated  zinc  (Gladstone  and 
Tribe  copper-zinc  couple).  v 

Methane  is  a  colorless  and  odorless  gas,  condensable  to  a  liquid  under 
a  pressure  of  180  atmospheres  at  — 1 1°  C.  It  boils  at  — 164°  and  solid- 
ifies at  — 186®.  It  bums  with  a  pale,  faintly  luminous  flame,  and  forms 
an  explosive  mixture  with  air. 

Ethane  is  found  in  crude  petroleum  and  in  natural  gas,  and  may  be 
feS^rtificially  by  the  action  of  zinc  or  sodium  upon  methyl  iodide, 
as  follows: 

wt.\JM  - """  +  S 

It  is  a  colorless  and  odorless  gas,  which  can  be  liquefied  at  +4°  by  a 
pressure  of  46  atmospheres.     It  bums  with  a  pale  flame. 
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Propmie,  normal  hutatie,  pentane,  and  hexane,  all  occur  in  ppidfi^^tro^, 
J[euni,_ihe  latter  two  especially  being  present^^in  gasoline  and  similar 
light  fractK)!l§r  Normal  heptane,  in  addition  to  being  present  in  petro- 
leum, occurs  in  the  oil  from  the  Pinus  sabinianay  or  nut-pine,  of  Cali- 
fornia, and  under  the  special  name  of  "abietene*'  is  used  as  a  cleansing 
and  solvent  benzine. 

The  hydrocarbons  from  CigH^^  on  are  solid  at  ordinary  temperatures 
and  make  up  the  buiinof-thC  products  kttOwn  qs  petrolatum.  A  mixture 
of  these  hydrocarbons  of  still  higher  fusing  point  constitutes  the  com- 
mercial product  known  as  paraffin. 

The  name  paraffin  (from  parum  affinis),  first  applied  to  the  solid  pro- 
ducts as  obtained  from  bituminous  coals,  has  been  applied  to  the  whole 
series  of  hydrocarbons  to  indicate  the  stable  character  of  these  com- 
pounds. They  are  incapable  of  combining  with  halogens  or  taking  up 
any  additional  hydrogen,  are  not  affected  by  any  of  the  strong  acids  in 
the  cold,  and  only  slightly  when  heated,  and  are  not  easily  oxidized  by 
chromic  acid  or  potassium  permanganate. 

3.  Pharmaceutically  Important  Products. — The  first  of  these  is 
Benzinum,  U.S.?.,  and  isstated  tp  l^e  "a  fl^^^^^^lfj^*^  ^^^^  American 
petroleum  consisting  oTTiy drocarbons ,  chiefly  of  the  marsh-gas  series 
•tC^,2»  ^c^u'  ^^^  ftomologous  comp^flSs.) "  It  is  a  transparent, 
colorless  liquid,  of  neutral  reaction,  evaporating  without  residue  and 
leaving  no  odor,  of  sp.  gr.  0.638  to  0.660  at  25°,  and  boiling  at  45°  to  60° 
C.  It  is  used  as  a  solvent  for  fats,  resins,  rubber,  and  some  of  the 
alkaloids. 

Petrolatum  Liquidum,  U.S. P.,  is  stated  to  be  "a  mixture  of  hydro- 
carbons, chiefly  of  the  methane  series,  obtained  by  distilling  off  the 
lighter  and  more  volatile  portions  from  petroleum,  and  purifying  the 
residue." 

Petrolatum,  U.S. P.,  is  stated  to  be  "a  mixture  of  hydrocarbons, 
chiefly  of  the  methane  series,  obtained  by  distilling  off  the  lighter  and 
more  volatile  portions  from  petroleum,  and  purifying  the  residue.*'  It 
is  manufactured  on  the  large  scale  under  the  trade  names  of  vaseline, 
cosmolinc,  etc.,  by  the  filtration  of  oil  residuums  through  heated  bone- 
black. 

The  liquid  petrolatum  is  a  colorless  or  more  or  less  yellowish,  oily, 
transparent  liquid,  without  odor  or  taste.  It  Jaas  a  sp.  gr.  of  0.870  to 
0.940  at  25°  C;  petrolatum,  on  the  other  hand,  is  "an  unctuous  mass 
of  about  the  consistence  of  an  ointment,  varying  in  color  from  yellowish 
to  light  amber,  having  not  more  than  a  slight  fluorescence,  even  after 
being  melted,  transparent  in  thin  layers,  completely  amorphous,  without 
odor  or  taste  but  giving  off  when  heated  a  faint_petroleum-like  odor." 
The  melting  point  of  petrolatum  is  from  45°  to  48°  C7  Both  these  varie- 
ties are  insoluble  in  water,  scarcely  soluble  in  cold  or  hot  alcohol,  or  in 
cold  absolute  alcohol,  but  soluble  in  boiling~abs?5hite  alcohol,  and  readily 
soluble  in  ether,  chloroform,  carbon  dis.ulphide,  oil  of  turpentine,  ben- 
zine, benzene,  and  fixed  or  volatile  oils. 
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Paraffinum,  U.S.P.,  is  the  solid  commercial  paraffine  or  paraffine 
wax,  as  it  is  often  called.  This  is  a  white,  waxy,  inodorous,  tasteless 
substance,  of  sp.  gr.  0.890  to  0.905  at  25°  C,  melting  (according  to  its 
source,  whether  from  petroleum,  coal,  or  ozokerite)  between  51°  and 

65°  c. 

4.  Technically  Important  Products. — ^The  most  important  indus- 
try based  tipgnjihft  utiliy-atipp  ni  th^  hydrocarbons  of  this  series  is  the 
refining  oT^etroleiun,  which,  as  before  stated,  is  a  naturally  occurring 
hydrocarbon  mixture.  In  the  United  States  the  most  important  deposits 
of  petroleum  are  those  of  Western  Pennsylvania.  These  oil-fields  extend 
into  New  York  State  and  into  Western  Virginia  and  Ohio.  In  the  latter 
State  (as  well  as  in  the  province  of  Ontario,  Canada)  is  also  produced  a 
petroleum  of  somewhat  different  character,  viz.,  a  sulphur-containing 
oil,  which  presents  greater  difficulties  in  refining.  Petroleum  is  also 
found  in  Kentucky,  Colorado,  Kansas,  California,  and  Texas,  but  of  a 
heavier  and  thicker  kind.  The  most  important  foreign  production  is 
that  of  Baku,  on  the  Caspian  Sea,  where  enormous  quantities  of  petro- 
leum are  obtained.  Chemically  it  differs,  however,  from  the  Pennsyl- 
vania oil  in  containing  a  distinct  series  of  hydrocarbons,,  the  so-called 
**naphthenes*'  (see  Aromatic  Hydrocarbons). 
Tbe-Tfifiningof  petroleimi  consists  first  in  submitting  it  to  a  fractional 


distillation,  the  products  of  which  are  benzine,  naphtha,  burning  oils, 
and  residutun.  The  latter  is  then  distilled  at  a  higher  temperature  in 
separate  stills,  and  yields  paraffine  oils  and  a  coke  or  petroleum  pitch. 
All  the  fractions  require  a  treatment  with  sulphmic^acid,  followed  by 
washing  and  treatment  with  alkali  to  remove  impurities  and  products  of 
destructive  distillation,  which  impair  their  color  and_ burning  qualities. 
Th^  parqttme^olls  are  then  Chilled  by  artificial  means  and  paraffine  scale 
separated  out  fronlthe  heavy  oils,  whtcli'tTien  are  known  as  lubricating 
oils.  The  paraffine  scale  when  purified  by  melting,  pressing,  and  filtra- 
tion yields  the  white  paraffine  wax. 

The  most  important"  fest  to  be  applied  to  a  burning  oil  is  the  **fire 
test,"  which  determines  the  temperature  to  which  it  may  be  heated 
without  liberating  vapors  which,  mixing  with  air,  may  produce  an  explo- 
sive mixture.  The  lowest  legal  test  in  any  of  the  States  is  110°  F.,  and 
in  many  it  is  placed  at  150®  F. 

II.    The  Unsaturated  Hydrocarbons  of  the  Olefine  Series. 

Associated  with  the  paraffine  series  or  saturated  hydrocarbons  in 
petroleum,  and  capable  of  being  formed  in  most  cases  of  destructive 
distillation,  is  a  series  of  hydrocarbons  each  member  of  which  contains 
two  hydrogen  atoms  less  than  the  corresponding  member  of  the  satu- 
rated series.     They  possess  the  general  formula  C„Hj,u. 

The  first  member  of  the  series,  CHg,  is  apparently  incapable  of  existing 
in  the  free  state,  although  derivatives  of  it  are  known.  The  second 
hydrocarbon,  CjH^,  known  as  ethylene,  the  third,  CjHg,  known  as 
propylene,  and   the  succeeding   ones  as  high  as  C^H^t  are,  however, 
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obtainable.  The  explanation  generally  accepted  by  chemists  for  their 
molecular  structure  is  that  in  them  two  carbon  atoms  are  temporarily 
doubly  linked,  but  that,  as  this  double  linking  is  imstable,  they  act  as 
unsaturated  compounds,  and  readily  unite  with  halogens  and  atomic 
groups  to  form  saturated  compounds.    Thus  we  have  for  ethylene 

H— C— H 


H— C— H  C— H 

and  for  propylene  |         ,  or,   written  more  compactly, 

H— C— H  H— C— H 

I 
H 

CHj  =  CHj  and  CHj  =  CH  —  CH3.    Their  most  characteristic  reaction  is 

the  direct  combination  with  two  atoms  of  the  halogens  to  form  addition 

compounds,  while  the  saturated  hydrocarbons   of  the    paraffine  series 

can  only"  form  suhsitiutwn  coffifromtdr:     Thus,  CjH^  +  Cly  =  C^HXL. 

They  have  been  named  by  adding  the  termihatibh'^n^ To  the  name  of  the 

monad  radical  derived  from  the  corresponding  saturated  hydrocarbon. 

In  their  physical  properties  they  resemble  the  methane  homologues 
closely,  the  first  three  being  gases,  C^H,^  a  volatile  liquid,  and  the  higher 
members  being  solids  like  the  paraffines. 

Most  of  the  olefines  are  easily  soluble  in  alcohol  and  ether  but  insoluble 
in  water.  Besides  their  ability  to  take  up  halogens  to  form  addition 
compounds,  they  are  characterized  by  a  tendency  to  polymerize,  especially 
in  the  presence  of  sulphuric  acid  or  zinc  chloride,  and  by  the  readiness 
with  which  they  are  oxidized  by  chromic  acid  or  potassium  permanganate. 

They  are  formed  together  with  the  paraffines  by  the  destructive  dis- 
tillation of  many  substances,  such  as  fats,  waxes,  lignite,  and  coal; 
illuminating  gas  consequently  contains  the  olefines,  and  upon  them  in 
fact  mainly  depends  its  illuminating  value. 

Ethylene,  C,,H,,  is  present  to  the  extent  of  from  5  to  6  per  cent,  in 
illuminating  gas  made  from  coal,  but  it  is  usually  prepared  by  the  action 
of  an  excess  of  strong  sulphuric  acid  upon  alcohol,  the  reaction  being 
simply  a  dehydration  of  the  alcohol:  C^H,.0  —  H^O  =-'  C^,H^. 

It  is  a  colorless  gas,  which  may  be  liquefied  at  0°  C.  by  a  pressure  of 
44  atmospheres.  It  is  very  slightly  soluble  in  water  and  alcohol  and 
burns  with  a  luminous  flame.  It  unites  directly  with  an  equal  volume 
of  chlorine  to  form  ethylene  dichloride,  which  condenses  to  oily  drops, 
whence  the  name  often  given  of  "  defiant "  (or 'oil -forming)  gas.  It  com- 
bines with  two  atoms  of  hydrogen  ir  the  presence  of  spongy  platinum 
or  reduced  nickel  to  form  ethane,  C^H. . 

Propylene  and   the   several   isomer-,    butylcnes  have   been   prepared. 

Of  the  am ylenes,  orni   (trimethvl-cthvler;  ■.•    '       /C-C/  J  has  been 

CH,r  ^H     ^ 

introduced  into  medicine  as  an  anaesthetic  uiider  th^'  name  of  **pental.** 
It   is   formed    from    tertiary    amyl    alcohol  (amylcne  -tydvate!)   byThe 
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^tion  of  dehydrating  agents.  It  is  a  coloirless,  mobile,  very  volatile, 
and"  inflammaSle  liquid,  Doiling  at  37^-38°  C.  It  is  insoluble  in  water, 
but  miscible  in  all  proportions  in  chloroform,  ether,  and  90  per  cent, 
alcohol. 

Isomeric  with  the  olefines  are  certain  closed-chain  hydrocarbons, 
such  as  trimethylene,  C^Hg,  and  hexamethylene,  CgHij.  These  will  be 
referred  to  later  under  Polymethylenes  (see      ). 

III.    The  Unsaturated  Hydrocarbons  of  the  Acetylene  Series. 

A  third  series  of  hydrocarbons,  containing  two  hydrogen  atoms  less 
than  the  corresponding  members  of  the  olefine  series  and  four  less  than 
the  members  of  the  paraffin  series,  is  known  under  the  name  of  the 
acetylene  series.    They  have,  therefore,  the  general  formula  CoHjn^. 

To  explain  their  unsaturated  character  and  their  ability  to  take  up 
four  atoms  of  halogen  or  other  atom  or  group,  we  assume  the  following 

C— H  or  tH=CH 
structural  formula  for  acetylene,  i|i  and  for  the  second 

C— H 
C— H 

C 

member,  allylene,  |  or  CH^C — CH3. 

H— C— H 


H 

The  first  five  members  of  this  series  are 

Acetylene,  CgHj,  Valerylene  or  Pentine,  C^Hg, 

Allylene,  CjH^,  Hexine,  CgHj^. 

Crotonylene  or  Butine,  C^Hg, 
They  are  produced  in  the  destructive  distillation  of  many  organic 
compounds,  such  as  wood  and  bituminous  coal.  Acetylene,  the  first 
member  of  the  series,  is  produced  in  a  variety  of  additional  ways.  Thus, 
when  methane,  ethane,  ethylene,  alcohol,  ether,  and  aldehyde  are  led 
through  tubes  heated  to  redness,  acetylene  is  produced  with  separation 
of  hydrogen  and  other  products.  The  incomplete  combustion  of  many 
carbon  compounds  also  causes  the  formation  of  acetylene,  as  in  the  case 
of  defective  gas-burners  and  in  the  use  of  gas-stoves.  The  simplest 
reaction  for  its  production  is  the  passage  of  the  electric  spark  between 
carbon  points  in  an  atmosphere  of  hydrogen.  Acetylene,  however,  is 
most  abundantly  formed  by  the  decomposition  of  metallic  carbides  in 
the  presence  of  water  according  to  the  reaction  :  CaCj  +  2H2O  =  Ca- 
(0H)2  +  CgHo.  Sincn  the  development  of  the  electric  furnace  by 
Moissan  and  others  the  manufacture  of  carbides,  such  as  calcium  carbide, 
CaCj,  has  assumed  great  importance  because  of  the  convenience  with 
which  they  may  be  made  to  yield  acetylene  (see  Calcium  Carbide,  p.  369). 
Acetylene  is  a  colorless  gas  with  a  peculiar  penetrating  odor,  recogniz- 
able in  cases  of  lefective  combustion  with  gas-burners.     It  bums  from  an 
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ordinary  btimer  with  a  rich,  luminous,  but  sooty  flame;  from  specially 
constructed  btimers  with  very  narrow  openings  it  can  be  made,  on  the 
other  hand,  to  bum  with  a  very  pure,  intense,  whitish  light.  It  forms 
explosive  compounds  with  potassiiun,  sodiiun,  silver,  and  copper,  in 
which  one  or  both  hydrogen  atoms  are  replaced  by  metal.  It  is  capable 
of  uniting  with  hydrogen  when  a  mixture  of  the  two  is  passed  over  heated 
platinum  black,  four  atoms  being  taken  up  and  ethane  being  formed. 

IV.    Unsaturated  Hydrocarbons  of  the  Series  CJl^^,  and  QiH^^. 

In  the  distillation  products  of  cannel  coal,  as  well  as  in  bone  oil  (Dip- 
pel's  oil),  are  contained  hydrocarbons  of  the  series  CbH,^^.  These  are 
tmsaturated,  and  take  up  six  atoms  of  bromine  by  addition  to  form  satu- 
rated compounds.  They  precipitate  ammoniacal  silver  and  copper  solu- 
tions like  acetylene. 

Two  hydrocarbons  of  this  character  have  been  described,  valylene, 
CjHg,  and  diallylene,  C^Hjj. 

The  terpenes.  Cu,H,g,  which  would  answer  to  the  general  formula 
CbHjb-^,  do  not  belong  here,  as  they  seem  to  contain  an  aromatic  nucleus. 

The  only  well-defined  representative  of  the  series  CnHj.^  is  dipropargyl, 
CgHg.  This  compound,  isomeric  with  the  aromatic  hydrocarbon  benzene, 
is  an  unsaturated  open-chain  hydrocarbon,  as  is  shown  by  the  readiness 
with  which  it  adds  on  bromine  and  precipitates  ammoniacal  silver  and 
copper  salts. 


CHAPTER   III. 


DERIVATIVES  OP  THE  OPEN-CHAIN  HYDROCARBONS. 


I.    Halogen  Derivatives. 

I.  Substitution  Derivatives  of  the  Paraffin  Series. — Chlorine  and 
bromine  are  capable  of  acting  directly  upon  the  hydrocarbons,  replacing 
hydrogen.  This  action  is  facilitated  by  the  presence  of  sunlight  or 
substances  which  act  as  the  "carriers"  of  the  chlorine  and  bromine,  such 
as  iodine,  ferric  chloride,  or  antimony  chloride.  Iodine  does  not  act 
directly  upon  the  hydrocarbons,  so  that  the  iodides  are  generally  ob- 
tained by  the  action  of  HI  upon  the  several  alcohols  (see  under  Al- 
cohols) . 

TABULAR  VIEW  OF  THE  HALOID  DERIVATIVES  OF  THE  PARAFFINS. 

Mono-Derivatives:  Boiling  Point. 

Monochlor  methane,  or  Methyl  chloride,  CHsCl — 22°C. 

Methyl  bromide,  CHsBr +4** 

Methyl  iodide,  CH3I 44  ** 

Monochlor-ethane,  or  Ethyl  chloride,  C2H6CI 12° 

Ethyl  bromide,  CaHsBr 39*» 

Ethyl  iodide,  CaHsI 72** 

Propyl  iodide,  Isopropyl  iodide,  C3H7I 102° 

Four  isomeric  varieties  of  Butyl  iodide,  C4H9I. 

Iso-amyl  chloride,  CsHnCl loi** 

Hexyl  chloride,  CeHisCl 126*' 

Di-Derivatives: 

Dichlor-methane,  or  Methylene  chloride,  CHaCla 42** 

Methylene  bromide,  CH2DT2 97** 

Methylene  iodide,  CH2I2 180° 

Ethylene  chloride,      \r  w  ri  ^4** 

Ethylidene  chloride.  ;^«"*'-^« 570 

Tri-Derivatives: 

Trichlor-methane,  or  Chloroform,  CHCla 61** 

Bromoform,  CHBrs 151** 

Melttnfi:  Point. 
Iodoform,  CHIa 119** 

Higher  Substitution  Products: 

Tetrachlor-methane,  or  Carbon  tetrachloride,  CCI4 77° 

Perchlor-ethane,  CaCle 185** 

Besides  the  direct  substituting  action  of  chlorine  and  bromine  upon 
the  hydrocarbons,  we  can  use  the  action  of  the  haloid  acids,  HCl,  HBr, 
and  HI,  upon  the  corresponding  alcohol,  as  shown  in  the  reaction  C^ 
H5.OH  +  HBr  =  CjH^Br  +  H^,  or  the  direct  addition  of  these  haloid 
acids  to  the  olefine  hydrocarbons  according  to  the  reaction  CjH^  +  HCl 
=  C^H.Cl. 

505 


5o6  ORGANIC  CHEMISTRY. 

The  halogen  substitution  products  of  these  hydrocarbons  are  almost 
if  not  quite  insoluble  in  water,  but  miscible  to  any  extent  with  alcohol 
and  ether.  The  lower  ones  in  the  series  possess  in  general  a  sweet 
ethereal  odor  and  produce  insensibility  and  unconsciousness  when 
inhaled. 

Methyl  Chloride,  CH3CI,  is  prepared  by  heating  methyl  alcohol  with 
a  mixture  of  eiSEiaflH  sulphuric  acid,  or  direct  with  dry  hydrochloric 
acid  gas  in  the  presence  of  fused  zinc  chloride.  It  forms  a  colorless  gas 
with  ethereal  odor,  burning  with  green-edged  flame.  Under  a  pressure  of 
5  atmospheres  it  is  liquefied,  and  this  liquefied  gas  is  now  largely  used 
as  a  means  of  artificial  refrigeration  and  for  local  anaesthetic  effect  in 
surgery.  A  saturated  solution  of  methyl  chloride  in  chloroform  con- 
stitutes the  "compound  liquid"  used  as  an  anaesthetic  by  Richardson. 
Methyl  chloride  is  also  made  as  a  technical  product  by  distilling  the 
"vinasse"  of  the  beet-sugar  factories  and  heating  the  trimethylamine 
hydrochlorate  obtained  to  360°  with  hydrochloric  acid.  As  so  obtained 
it  is  used  in  the  aniline  dye  color  industry. 

Methyl  Iodide,  CH3I,  is  prepared  from  methyl  alcohol,  phosphorus, 
and  iodine.  It  forms  a  colorless  liquid,  boiling  at. 44°,  and  is  used  in  the 
manufacture  of  organic  dye  colors. 

Ethyl  Chloride,  C^H^,  iEthylis  Chloridum,  U.S.P.,  is  prepared  in 
the  same  manner  as  methyl  chloride.  It  is  a  colorless  mobile  liquid, 
boiling  at  1 2°,  only  slightly  soluble  in  water,  but  easily  soluble  in  alcohol, 
which  latter  solution  is  sometimes  known  as  solution  of  "chloric  ether.*' 
Used  by  spraying  as  a  local  anaesthetic. 

Ethyl  Bromide,  CjH^Br,  is  best  prepared  by  the*  action  of  a  mixture  of 
sulphuric  acid  and  alcohol  upon  potassium  bromide  followed  by  dis- 
tillation. It  forms  a  colorless  mobile  liquid,  of  sweet  chloroform-like 
odor  and  burning  taste,  boiling  at  38^-39°.  It  is  insoluble  in  water,  but 
miscible  with  alcohol,  ether,  chloroform,  fatty  and  ethereal  oils.  As  it 
is  decomposed  gradually  by  the  influence  of  the  air  and  light,  it  must  be 
preserved  in  dark  bottles.  It  has  been  repeatedly  recommended  and 
tried  as  an  anaesthetic,  but  has  not  found  general  acceptance,  perhaps 
because  of  its  tendency  to  decompose,  with  production  of  free  bromine 
and  hydrogen  bromide. 

:  Methylene  Chloride,  CHjCl^,  can  be  prepared  by  the  action  of  chlorine 
upon  methane  or  methyl  chloride,  or  by  the  action  of  nascent  hydrogen 
upon  chloroform.  It  forms  a  colorless  liquid  with  chloroform-like  odor, 
boiling  at  42°.  It  has  been  found  to  possess  properties  very  similar  to 
chloroform,  producing  an  anaesthetic  effect  slightly  more  transient  in 
character.  This  pure  methylene  chloride  must  not  be  confounded  with 
a  preparation  brought  out  under  the  same  name  in  England,  which  has 
been  shown  to  be  a  mixture  of  i  volume  methyl  alcohol  and  4  volumes 
of  chloroform. 

Ethylene  Chloride,  C^H^Clg,  is  one  of  two  isomeric  compounds.  It 
possesses  the  structural  formula  CHjCl.CHj^Cl,  while  its  isomer,  ethylidene 
chloride,  has  the  formula  CH,.CHC1^.      Ethylene   chloride  is  sometimes 
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known  as  the  "oil  of  the  Dutch  chemists,"  or  simply  as  "Dutch  liquid," 
because  the  reaction  whereby  it  was  formed  by  the  direct  union  of  ethy- 
lene and  chlorine  gases  was  first  discovered  in  Amsterdam.  It  is  a  color- 
less liquid,  of  chloroform-like  odor  and  sweet  taste,  and  has  been  used  as 
a  substitute  for  chloroform  both  for  external  applications  and  for  in- 
halations. 

Ethylidene  Chloride,  C^H^Cl^,  is  obtained  as  a  by-product  in  the  manu- 
facture of  chloral,  or  can  be  prepared  by  the  action  of  phosphoric  chloride 
upon  paraldehyde.  It  is  a  colorless  liquid,  smelling  like  chloroform  and 
of  a  sweet  taste.  It  has  been  proposed  by  Liebreich  as  a  substitute  for 
chloroform  in  cases  of  anaesthesia. 

Trichlor-methmie,  CHCI3,  or  Chloroformum,  U.S. P.,  was  discovered  in-' 
dependently  by  Liebig  and  Soubeiran  in  1831.     Besides  the  preparation 
from  methane  by  the  action  of  chlorine,  which  is  purely  a  theoretical 
process,  we  have  three  practical  methods  for  its  preparation. 

(a)  From  alcohol  by  the  action  of  chlorinated  lime.  This  reaction 
most  probably  takes  place  in  several  stages.  The  chlorinated  lime  first 
oxidizes  the  alcohol  to  aldehyde  according  to  the  reaction:, 

CaHeO     -f     CaOCla     -^     CaCla     +     CaHiO     +     HaO. 

The  aldehyde  is  then  changed  by  the  chlorinated  lime  into  trichloralde- 
hyde: 


I  .  •»  « » 

I  -J  I 


2CaH40     -f     6(CaOCla)     =     aCaCla     -f-     3Ca(0H)a     +     2CaHCl80. 

The  chloral  thus  formed  is  then  decomposed  by  the  alkaline  calcium 
hydroxide. 

2CaHCl30     +     Ca(OH)a     =     Ca(CHOa)a     +     2CHCla. 

the  end  products  being  chloroform  and  calcium  formate. 

(6)  From  acetone  by  the  action  of  chlorinated  lime.  This  reaction, 
already  pointed  out  by  Liebig  in  1832,  has  been  taken  up  in  recent 
years,  and  is  now  largely  used  in  the  manufacture  of  chloroform.  It  is 
as  follows: 

2CsHeO   -h    6CaOCla    =    2CHCla    +    2Ca(0H)a    +    Ca(CaH80a)2    -f-    3CaCla. 

{c)  From  chloral  by  the  action  of  caustic  alkalies,  the  reaction  being 
analogous  to  that  given  under  the  first  process. 

Chloroform  is  a  heavy,  colorless,  mobile,  and  diffusible  liquid,  of 
ethereal  odor  and  burning,  sweet  taste.  Specific  gravity  1.49  at  15°. 
It  boils  at  60°  to  61°.  Chloroform  is  an  excellent  solvent  for  phosphorus, 
iodine,  alkaloids,  resins,  caoutchouc,  fats,  fatty  oils,  etc.  When  exposed 
to  the  light  it  is  liable  to  decomposition  with  liberation  of  hydrochloric 
acid  and  free  chlorine,  and  hence  must  be  kept  in  dark  bottles.  Its 
preserving  qualities  are  improved  by  the  addition  of  a  small  quantity  of 
alcohol. 

The  most  delicate  chemical  test  for  chloroform  is  the  production  of 
phenylcarbylamine,  a  compound  of  sickening  odor  when  it  is  heated  with 
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alcoholic  potash  and  aniline.  One  part  of  chloroform  in  5000  to  6000  parts 
of  solution  can  be  detected  in  this  way. 

The  most  important  medicinal  use  of  chloroform  is  as  an  anaes- 
thetic. 

Tribromo-methane ,  CHBrg,  or  Bromoformum,  U.S.P.,  can  be  prepared 
From'^TOfiral  t55'~an-an^logous"feacTioh  to  that  used  for  preparing  chloro- 
form from  chloral.  It  is  a  colorless  liquid  boiling  at  i48°C.  and  solidi- 
fying at  6°C.  It  smells  like  chloroform,  and  is  somewhat  used  in 
medicine  as  an  anaesthetic. 

Tri^iqdQ-methane ,  CHI:j,  or  lodofigrmum,  U.S. P.,  has  been  made  most 
jg^enerally  by  the  action '~6Fn[bdine  in  the  presence  of  an  alkali  or 
alkaline  carbonate  upon  alcohol,  the  main  reaction  being  expressed 
as  follows: 

CaHsOH    +    4la   4-   aKaCOs   =  CHIs   +    KCHOa  +    5KI    +    zHaO   +    3CO«. 

It  is  also  made  now  by  the  action  of  iodine  in  the  presence  of  an  alkali 
upon  acetone,  the  reaction  being  a  very  delicate  one,  serving  to  indicate 
traces  of  acetone,  and  known  as  the  "iodoform  test." 

Much  iodoform  is  npiy  made  electrolytically  by  electrolyzing  an 
aDcilineTbdide  inTHe  presence  of  alcoHoT  aficT^an  alkali,  the  essential 
reaction  in  the  case  being: 

CaHsOH     +     lol     -h     HaO     -=    CHIs     -f     COa     -f     7HI. 

Iodoform  is  in  small,  lemon-yellow,  lustrous  crystals  of  the  hexagonal 
system,  with  a  peculiar,  very  penetrating  and  persistent  odor,  resemb- 
ling saffron.  The  crystals  melt  at  1 19°  C.  They  are  very  slightly  soluble 
in  water,  soluble  in  alcohol,  ether,  chloroform,  benzine,  and  fixed  and 
volatile  oils.  It  has  a  strong  anaesthetic  and  antiseptic  action,  and  is 
much  used  in  surgery. 

Tetrachlor -methane,  or  carbon  tetrachloride,  CCl^,  is  produced 
by  the  action  of  chlorine  upon  chloroform  or  carbon  disulphide.  It 
is  a  liquid  boiling  at  76.5°  C. ;  used  very  extensively  as  a  solvent  in 
place  of  petroleum  naphtha  and  carbon  disulphide,  being  uninflam- 
mable. 

Perchlor -ethane,  CXl,j,  forms  rhombic  tablets  of  camphor-like  odor. 
Fuse  and  boil  at  185°. 

2.  Halogen  Derivatives  of  the  define  Series. — These  may  be 
either  substitution  derivatives,  in  which  one  or  more  H  atoms  of  the 
unsaturated  hydrocarbon  are  replaced  by  halogen,  the  double  linking 
carbon  atoms  characteristic  of  the  olefines  remaining  unchanged,  or  they 
may  be  addition  compounds,  in  which  case  two  atoms  of  halogen  add  on. 
In  the  compounds  so  formed  the  unstable  double  linking  is  broken  up, 
and  the  products  is  in  all  respects  identical  with  the  dihalogen  substitu- 
tion derivatives  of  the  paraffins.  Thus,  from  ethylene,  C^H^,  we  may 
obtain  C^H.^Cl,  monochlor-ethylcne  (vinyl  chloride),  and  CjjHgCl^. 
dichlor-ethylene,  or  we  may  get  by  addition  C^H^Cljj,  ethylene  chloride, 
alread^^  ^'^^icribed  under  the  prec^din-  'jlass.     From  propylene,  C^Hg,  we 
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may  obtain  CjH^Cl,  monochlor-propylene  (allyl  chloride),  representing 
the  substitution  derivatives,  or  CjHgClj,  propylene  chloride,  representing 
the  addition  compounds. 

3.  Halogen  Derivatives  of  the  Acetylene  Series. — Here  also 
both  classes  of  compotmds  are  possible, — substitution  derivatives,  in 
which  the  unstable  treble  linking  still  remains,  and  addition  compounds, 
which  pass  into  the  class  of  olefine  derivatives. 

II.    Alcohols,  or  Hydroxides  of  the  Hydrocarbon  Radicals. 

Alcohols  are  formed  by  the  replacement  of  one  or  more  hydrogen 
atoms  of  a  hydrocarbon  by  the  corresponding  number  of  OH  (hydroxyl) 
groups. 

Alcohols  with  i  hydroxyl  group  are  termed  monatomic,  or  monacid; 
alcohols  with  2  hydroxyl  groups  arc  termed  dia/cwt/c,  or  diacid;  alcohols 
with  3  hydroxyl  groups  are  termed  triatomic,  or  triacid. 

The  highest  of  these  classes  as  yet  discovered  in  nature  are  the  hepta- 

tomic  alcohols,  although  higher  ones  have  been  obtained  artificially.    Two 

cases  of  isomerisms  may  arise  among  the  alcohols:  (a)  when  they  are 

derived  from  isomeric  hydrocarbons;  thus,  from  butane,  CHj.CHj.CHj.- 

CH3,  we  obtain  normal  butyl  alcohol,  CHg.CHj.CHg.CHgOH,  and  from 

CH  CH 

isobutane,  rjj^^CH — CH3,  we  obtain  isobutyl  alcohol,  rrj''>CH — CHj- 

OH;  (6)  according  to  the  position  taken  by  the  replacing  hydroxyl 
group;  thus,  while  only  one  monatomic  alcohol  can  be  formed  from 
methane,  CH^,  and  only  one  from  ethane,  CH^.CH,,  from  propane, 
CH3.CH2.CH3,  we  can  obtain  normal  propyl  alcohol,  CH3.CH2.CH2OH, 
and  isopropyl  alcohol,  CH3.CH.OH.CH3.  Normal  butane  yields  two 
isomeric  alcohols,  CH3.CH2.CH2.CH2OH  and  CH3.CH2.CH.OH.CH3,  and 

isobutane  yields  two  also.  ^5'>CH— CH,OH  and  JJJ»>C(OH)— CH,. 

In  looking  at  the  formulas  of  these  isomeric  butyl  alcohols  it  will  be 
seen  that  we  have  three  different  types  of  monatomic  alcohols:  an 
alcohol  containing  the  group  CHg.OH,  known  as  a  primary  alcohol;  an 
alcohol  containing  the  group  CH.OH,  known  as  a  secondary  alcohol; 
an  alcohol  containing  the  group  C(OH),  known  as  a  tertiary  alcohol. 
We  will  find  that  these  are  important  distinctions,  as  very  different 
products  are  obtainable  from  the  alcohols  according  as  they  belong  to 
one  or  the  other  of  these  classes. 

Secondary  and  tertiary  alcohols  are  also  known  as  carbinols,  and  the 
groups  combined  with  the  carbon  atoms  to  which  the  hydroxyl  is  attached 
are   specially    named. 

CH 

Thus;  ^jj'>C(OH)— CH3  is  called  trimethyl-carbinol. 

I.  Monatomic  Alcohols  from  Saturated  Hydrocarbons.  General 
formula,   CnHgn  +  i-OH. 
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TABLE. 
Name  and  Formula:  Boiling  Point 

Methyl  alcohol,  CHa.OH 66**  C. 

Ethyl  alcohol,  CHs.CHaOH 78^ 

Normal  propyl  alcohol,  CHs.CHa.CHaOH 97® 

Isopropyl  alcohol.  CHs.CHOH.CHs 83** 

Normal  butyl  alcohol.  CH8.CHa.CHa.CHaOH 117*" 

Isobutyl  alcohol,  ^|^J>CH.CHaOH 108** 

Methyl-ethyl  carbinol,  CHs-CHa^ourMj  o 

CHs^^"^" 99 

Trimethyl  carbinol.  ^j^^>C(0H).CH8 83* 

Normal  amyl  alcohol,  C4H9.CH2OH 137® 

Fermentation  amyl  alcohol,  ^'j|^>CH.CHa.CHaOH 131** 

Hexyl  alcohol.  CeHis.OH 157* 

Heptyl  alcohol.  C7H16.OH 175** 

Octyl  alcohol.  CsHn.OH 19 1« 

Nonyl  alcohol,  CaHie.OH ai3*» 

Melting  Point 

Decvl  alcohol,  CioHai.OH 7*» 

Dodecyl  alcohol,  CjaHasOH 24® 

Tetradecyl  alcohol,  CwHaQ.OH 38** 

Hexyadecyl  (cetyl)  alcohol,  CieHss.OH 49** 

Octadecyl  alcohol,  C18H37.OH 59® 

Ceryl  alcohol,  CvjUmOYL 79*» 

Myricyl  alcohol,  CaoHei.OH 85** 

The  lower  members  of  the  series  are  mobile  liquids  soluble  in  water, 
the  middle  members  are  oily  liquids  only  slightly  soluble  in  water,  and 
the  higher  ones  are  solid  crystalline  bodies.  The  lowest  members  possess 
an  alcoholic  odor,  those  over  C^  an  odor  of  fusel  oil,  and  both  have  a 
burning  taste,  while  the  highest  members  are  odorless  and  tasteless 
solids. 

Among  the  general  methods  for  the  formation  of  alcohols  may  be  men- 
tioned: 

(a)  The  action  of  moist  silver  oxide  upon  the  halogen  derivatives  of 
the  paraffins,  as  C^HJ  -f-  AgOH  =  C.^R^.OH  +  Agl. 

(h)  The  decomposition  of  the  esters  by  boiling  with  caustic  alkalies. 
This  decomposition  is  frequently  spoken  of  as  the  "saponification"  of  the 
esters,  because  of  the  well-known  illustration  of  the  decomposition  of 
the  fats: 

CHs.OCvHsOa        f       KOH         -       CH3.OH       +       CvHsOa.OK. 

Methyl  Salicylate.  Potassium  Salicylate. 

{c)  The  treatment  of  primary  amines  with  nitrous  acid: 

CaHs.NHa     -'       NO.OH      --     CaHa.OH      j      Na     4      HaO. 

{d)  The  fermentation  of  many  of  the  carbohydrates  (as  grape  sugar) 
with  yeast  will  produce  the  lower  alcohols.     (See  Fermentation.) 

Among  the  special  methods  for  the  formation  of  alcohols  may  be 
TTipntioned: 
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(a)  The  reduction  of  monobasic  acids  and  aldehydes  with  nascent 
hydrogen  to  form  primary  alcohols. 

(6)  The  reduction  of  ketones  with  nascent  hydrogen  to  form  secondary 
alcohols. 

The  alcohols,  it  must  be  remembered,  are  hydroxides  of  radicals  which 
have  in  general  a  basic  character.  They  are,  therefore,  weak  bases. 
Thus,  the  hydrogen  of  the  hydroxyl  group  is  replacable  by  acid  radicals, 
forming  ethereal  salts  or  *' esters.*'  At  the  same  time,  this  hydrogen  is 
also  replaceable  by  strong  metals  like  Na  and  K,  forming  "alcoholates." 
The  action  of  haloid  acids  will  also  replace  the  OH  group  by  halogen, 
water  forming  at  the  same  time.  Thus^^H^.OH  +  HBr= C^^^Br  +  H^. 
Oxidizing  agents  readily  act  upon  tHem,  changing  primary  alcohols  to 
aldehydes  and  monobasic  acids,  and  secondary  alcohols  to  ketones,  while 
tertiary  alcohols  are  split  up  into  compounds  with  a  lesser  nimiber  of 
carbon  atoms. 

^^^MjBihyl-AkQbol,  CH3.OH,  derives  its  name  from  idOo,  wine,  and  okyj, 
wood,  which  idea  is  also  conveyed  in  its  popular  name  of  "wood-spirit.** 
It  occurs  as  salicylic  ester  in  oils  of  sweetbirch  and  wintergreen,  and  is 
produced  in  the  destructive  distillation  "of  wood  and  the  "vinasse**  of 
the  beet-sugar  refineries. 

To  prepare  it  in  quantity,  the  crude  pyroligneous  acid  of  the  wood 

.-distilleries  is  neutralized  with  lime,  and  the  volatile  portions  then  dis- 

\   tilled  off.    After  repeated  rectification,  the  methyl  alcohol  is  finally  freed 

'  from  acetone  and  accompanying  impurities  by  forming  the  crystalline 

oxalic  ester,  which  is  pressed,  dried,  and  decomposed  by  boiling  with 

water  or  ammonia. 

Methyl  alcohol  forms  a  colorless  liquid,  boiling  at  66®,  and  with  a  sp. 
gr.  0.8.  It  bums  with  a  non-luminous  flame,  and  mixes  with  water  in  all 
proportions.  It  is  a  solvent  for  fatty  oils,  camphors,  resins,  and  fats. 
It  has  an  intoxicating  effect,  and  in  concentrated  form  is  poisonous. 
It  is  used  very  extensively  in  varnish  making  and  as  a  solvent. 

The  amount  of  refined  wood  alcohol  produced  in  the  United  States  in 
1904  was  4,342,346  gallons  valued  at  $2,629,486. 

^ Ethyl  Alcohol^  C^lif^.Oli  (Alcohol,  U.S.P.).— This,  the  most  impor- 
tant of  the  monatomic  alcohols,  occurs  only  sparingly  in  nature,  being 
found  as  butyric  ether  in  some  plants,  as  the  UmbeUifera,  and  in  the 
animal  kingdom,  as  in  diabetic  urine.    It  may  be  formed  in  several  ways: 

From  ethane  by  conversion  into  CgH^Cl,  and  saponification  of  this 
latter  (see  preceding  page)  by  moist  silver  oxide. 

From  ethylene  and  concentrated  sulphuric  acid  and  decomposition 
of  the  resulting  ethyl-sulphuric  acid  by  water: 

C2H4     4-     SOa(OH)a    =     CaHs.HSO* 
CaH6.HS04     -f     HaO     -=    CaHsOH     -f-     HaS04. 

It  is  formed,  however,  almost  invariably  by  the  *' alcoholic  fermentation" 
of  sugar.  (See  Fermentation.)  The  reaction  whereby  the  sugar  yields 
alcohol  and  carbon  dioxide,  C^Hj^O^  =  2C2H^O  +  aCO,,  is  not  a  com- 
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plete  one,  as  some  5  per  cent,  of  the  sugar  breaks  up  into  other  products, 
such  as  glycerin  and  succinic  acid.  A  number  of  the  homologues  of  ethyl 
alcohol  are  also  formed,  and  are  known  collectively  as  "fusel  oil." 

While  alcohol  may  be  purified  by  repeated  distillation,  it  is  not  pos- 
sible to  free  it  from  water  by  this  means.  On  a  large  scale  in  the  several 
forms  of  rectifying  columns  it  is  possible  to  bring  the  alcohol  to  98-99 
per  cent.,  but  on  the  small  scale  to  not  over  95  per  cent.  The  remaining 
portion  of  water  must  be  taken  out  by  chemical  dehydrating  agents, 
like  heated  carbonate  of  potash,  anhydrous  sulphate  of  copper,  or  stand- 
ing, followed  by  a  distillation  over  quicklime.  The  alcohol  thus  obtained 
is  the  Alcohol  Absolutum,  U.S. P. 

The  presence  of  water  in  alcohol  may  be  shown  by  admixture  with 
benzene.^  This  will  mix  to  a  clear  liquid  with  alcohol  containing  not 
morcfffian  3  per  cent,  of  water.  If  the  percentage  begiris  to  exceed 
this, "the  mixture  becomes  turbid.  Anhydrous  copper  sulphate  will  also 
indicate  the  presence  of  water  by  changing  from  white  to  blue  in  color. 
Absolute  alcohol  boils  at  78.5*^  C,  becomes  viscid  at  — =100**  C,  and 
solidifies  at  — 130°.  Its  specific  gravity  is  0.7937  at  15°  C.  It  is  very 
hygroscopic.  Alcohol  is  a  solvent  for  many  organic  compotmds,  such 
as  fats,  resins,  and  oils. 

A  very  delicate  test  for  alcohol  (although  not  characteristic  of  alcohol 
only)  is  the  iodoform  test.  The  liquid  to  be  tested  is  warmed  with  a 
small  quantity  of  iodme  dissolved  in  iodide  of  potassium  solution,  and 
sodium  hydrate  is  added  until  the  mixture  is  faintly  yeflow.  In  the  pres- 
ence of  alcohol  the  characteristic  smell  of  iodoform  is  obtained,  and 
gradually  the  fine  yellow  crystals  separate. 

Benzoyl  chloride,  C^jH^COCl,  is  also  a  delicate  test  for  alcohol,  with 
which  it  forms  ethyl  benzoate  (benzoic  ether),  the  smell  of  which  is 
readily  recognized.  The  commonest  impurities  of  alcohol  are  aldehyde, 
which  readily  forms  by  oxidation,  and  fusel  oil,  which  accompanies  it 
in  the  products  of  fermentation.  The  former  is  detected  by  shaking  up 
with  a  small  quantity  of  potassium  hydrate  soTution;"  'whereby  a~'bfown 
aldehyde  resin  is  formed;  this  latter  is  detected  by  evaporation  of  the 
suspected  alcohol  on  the  hand  or  from  a  piece  of  blotting-paper. 

Besides  alcohol  (containing  94.9  per  cent,  by  volume  of  ethyl  alcohol) 
and  alcohol  absolutum,  the  United  States  Pharmacopoeia  recognizes 
Alcohol  Dilutum,  the  latter  containing  about  48.9  per  cent,  by  volimie 
of  absolute  ethyl  alcohol. 

Alcohol  has  a  dehydrating  action  upon  vegetable  and  animal  tissues. 
It  coagulates  albumin  and  prevents  the  decay  of  the  tissue.  Taken  in 
small  amount  it  has  a  slight  stimulant  effect;  in  larger  doses  it  lowers 
the  temperature  and  acts  as  an  intoxicant,  while  in  excessive  amounts 
it  is  poisonous,  and  when  injected  into  the  veins  it  causes  death.  A 
portion  of  the  alcohol  taken  into  the  system  is  burned  to  carbon  dioxide 
and  water;  the  remainder  passes  off  through  the  lungs  and  the  urine 
unchanged. 

For  an  account  of   alcoholic  beverages,  see  Fermentation  Industries. 
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Propyl  Alcohols,  C3H7OH.— The  normal  propyl  alcohol,  CHg.CHg.CH,- 
OH,  is  contained  in  fusel  oil,  from  which  it  may  be  obtained  by 
fractionation.  It  may  also  be  obtained  by  the  action  of  sodium  amal- 
gam upon  propion-aldehyde,  or  by  the  action  of  certain  fissure  ferments 
upon  glycerol. 

It  is  a  liquid  of  spirituous  odor,  resembling  that  of  methyl  alcohol, 
boiling  at  97.4°,  and  readily  miscible  with  water,  but  can  be  separated 
out  again  by  addition  of  calcium  chloride.  Isopropyl,  or  secondary 
propyl  alcohol,  CH3.CH(OH).CH3,  may  be  obtained  from  isopropyl 
iodide  (the  product  of  the  action  of  HI  upon  glycerol),  or  by  the  action  of 
sodiiun  amalgam  upon  acetone.    Colorless  hqmd,  boiling  at  82.8°. 

BtUyl  Alcohols,  CJHg.OH.— The  normaLiutzL  alcohoL J^Hj.CHj.CH^- 

CH2.OH,  is  presenjtjn^usel  oil,  being  formed  especially  in  the  wine-yeast 

— ^rmentation.  It  is  also  formed  rea3ily  from  glycerin  by  the  fermentation 

witE"fi§5roe"tgfm'ents.    It  boils  at  117°,  and  has  a  peculiar  odor,  inciting 

to  coughing  when  inhaled.    It  is  not  so  readily  soluble  in  water,  and  may 

readily  be  separated  out  on  addition  of  calcium  chloride.     Isobutyl 

CH 
alcohol,   pTj^>CH.CH20H,    known   frequently   as   fermentation  butyl 

alcohol,  is  the  most  important  of  the  butyl  alcohols.  It  is  contained 
in  fusel  oirTespecially  in  potato  fusel  oil,  and  obtained  in  the  beer-yeast 
fermentation.  Colorless  liquid,  boiling  at  108°,  with  a  fusel  smell, 
resembling  that  of  wild  jasmine. 

Tertiary  butyl  alcohol,  or  trimethyl  carbinol,  ^IJJ^=:C(OH),  is  con- 
tained in  small  quantity  in  fusel  oil.  Spirituous  smell  resembling  that 
of  camphor.  The  remaining  butyl  alcohol,  known  as  secondary  butyl 
alcohol  (see  table),  is  only  obtained  synthetically. 

A tnyl  Alcohols,  CJrL^^.Oll. — Of  the  eight  possible  isomeric  alcohols, 
only  four  require  mention.  Normal  primary  amyl  alcohol  is  contained 
in  small  quantity  in  fusel  oil,  and  can  be  prepared  by  the  reduction  of 
normal  valeric  aldehyde.  Its  boiling  point  is  137°.  Isobutyl  carbinol, 
(CHa)^— CH.CHj.CHgOH,  forms  the  chief  constituent  of  fermentation 
amyl  alcohol  obtained  from  potato  fusel  oil.  It  also  is  found  in  Roman 
chamomile  oil  in  combination  with  angelic  and  tiglic  acids.  It  boils  at 
131°,  and  has  a  strong,  irritating  odor.  It  is  intoxicating  even  in  dilute 
solutions,  and  is  the  cause  of  the  peculiar  toxic  after-effects  of  intoxica- 
tion by  brandy  and  other  ardent  spirits.  It  is  optically  inactive.  Methyl- 
propyl  carbinol,  or  active  amyl  alcohol,  is  also  contained  in  fermenta- 
tion amyl  alcohol.  It  turns  the  plane  of  polarization  to  the  left.  Boil- 
ing point,  112.5°.     Tertiary  amyl  alcohol,  or  dimethyl-ethyl  carbinol, 

A  TT    /  ,  has  been  introduced  to  medicine  in  recent  years  under 

the  name  of  "amylene-hydrate,"    and    recommended  as  an  hypnotic. 

It  is  made  from  amy lene,  C-Hj,,  (seep.  502),  by  shaking  this  up  with 

f  OH 
sulphuric  acid,  whereby  amyl-sulphuric  acid,  SOgS  q/q  tj  "i   ^^  formed. 

This,  on  distillation  with  aqueous  alkalies,  is  decomposed  into  amylene 

33 
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hydrate  and  alkaline  sulphate.  The  amylene  hydrate  is  a  colorless,  oily 
liquid,  of  penetrating  odor,  which  recalls  camphor,  peppermint,  and 
paraldehyde.  It  boils  at  102.5®,  and  has  a  specific  gravity  of  0.81  a  at  12®, 
It  is  soluble  in  8  parts  of  water,  and  miscible  in  all  proportions  with 
alcohol,  ether,  chloroform,  benzine,  glycerin,  and  fatty  oils.  It  is  sen- 
sitive to  light  and  very  hygroscopic.  As  an  hypnotic,  it  is  said  to  occupy 
a  position  intermediate  between  chloral  hydrate  and  paraldehyde. 

Hexyl  Alcohols,  C^H^.OH. — The  normal  primary  hexyl  alcohol    is 
^"contained  as  a  butyric  ester  in  the  seeds  of  Heracleum  giganteum.    A  pri- 
mary hexyl  alcohol  is  also  obtained  from  wine  fusel  oil,  and  a  secondary 
alcohol  from  mannite  through  the  intermediate  formation  of  secondary 
hexyl  iodide. 

Heptyl  Alcoliols,  C-H,vOH.  — The  normal  primary  heptyl  alcohol  is 
obtained  by  the  reduction  of  oenanthol,  a  normal  aldehyde  which  forms 
on  the  distillation  of  castor  oil. 

Octyl  Alcolwl^  C^Hjy.OH. — The  normal  primary  octyl  alcohol  is  found 
"asTm^acetic  ester  in  the  several  varieties  of  heracleum. 

The  normal  primary  alcohols,  Cj^HopOH,  CjjHj^.OH,  CjjHjg.OH,  Cj^Hj,. 
OH,  and  Ci^H^.OH,  were  prepared  artificially  by  Krafft,  in  1881,  by 
reducing  the  corresponding  acids  with  zinc-dust  and  acetic  acid.  They 
are  solids,  like  paraffin  in  appearance. 
.«  Cetyl  Alcohol,  C,^H„.OH,  formerly  known  as  ethal,  is  found  in  com- 
bination with  palmitic  acid  as  the  chief  constituent  of  spermaceti 
(Cetaceum,  U.S. P.).  The  alcohol  crystallizes  in  small  leaflets,  fusing 
at  49°  and  boiling  at  189.5°. 

Octculecyl  AlcoJiol,  CmH^-.OH,  is  also  found  in  the  form  of  esters  in 
spermaceti. 

Ccryl  Alcolwl,  C^,,H„.OII.  is  found  as  ccrotic  ester  in  Chinese  wax. 
and  as  palmitic  ester  in  the  ripe  capsules  of  the  poppy.  The  ceryl  esters 
arc  also  present  in  carnauba  wax  and  in  beeswax.  The  alcohol  fuses  -it 
76°-79°. 

\  Myricyl  AIcolioL  C.^„H,;,.OH,  is  present  as  palmitic  ester  in  beeswax 
and  in  carnauba  wax,  from  which  latter  it  is  most  conveniently  extracted 
by  saponification  with  alcoholic  potash.    The  alcohol  melts  at  85°  C. 

2.  Monatomic  Alcohols  from  Unsaturated  Hydrocarbons,  C^- 
Iljjn-,.()H. — ^Thcse  alcohols  are  derivatives  of  the  olefine  hydrocarbons, 
and,  hke  them,  contain  the  unstable  double  linking  of  two  carbon  atoms. 
Thev,  therefore,  like  them,  can  take  up  two  atoms  of  hydrogen  or  halo- 
gen element  or  one  molecule  of  a  haloid  acid,  forming  thereby  saturated 
alcohols,  which  may  contain  one  or  two  replacing  halogen  atoms  in  the 
radical  which  is  combined  with  the  hydroxyl. 

Vinyl  Alcohol,  GIL  CH.OH,  corresponding  to  ethylene,  CH.  -  CH., 
has  been  found  as  an  impurity  in  ordinary  ether,  but  has  not  been  iso- 
lated, as  the  isomeric  acetaldchyde,  CHj.CHO,  results  in  endeavoring  to 
prepare   it. 

Allyl  Alcohoi  CHj  -"  CH — CHjOH,  corresponding  to  propylene,  C,H^, 
is  foun«l  in  crude  wood-spirit,  and  may  be   readily   obtained   by    dis- 
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tilling  glycerol  with  oxalic  acid,  the  reaction  being  C3Hg03  —  Hfi  —  O 
jl=  CgHgO,  showing  that  the  oxalic  acid  acts  as  a  reducing  and  dehy- 
drating agent.  It  is  a  mobile,  colorless  liquid,  of  penetrating,  unpleasant 
odor,  boiling  at  96.6®,  and  miscible  with  water. 

3.  Other  Monatomic  Alcohols  from  Unsaturated  Hydrocar- 
bons.— The  alcohols,  CnHgn-gOH,  are  derivatives  of  acetylene  and  its 
homologues,  and,  Hke  them,  contain  the  unstable  treble  linking  of  two 
carbon  atoms. 

Propargyl  Alcohol,  CH^C — CH^OH,  corresponding  to  allylene,  C^H^, 
is  obtained  from  monobromallyl  alcohol  by  splitting  off  HBr,  effected  by 
the  action  of  concentrated  aqueous  potash.  It  is  a  mobile,  pleasant- 
smelling  liquid,  lighter  than  water,  boiling  at  114°. 

Cholesterol,  C.^H,^.0,  is  a  monatomic  alcohol  which  occurs  in  combina- 
tion wTlh  various  fatty  acids  in  lanolin  (Adeps  Lanae,  U.S. P.,  and  Adeps 
Lanae  Hydrosus,  U.S. P.),  the  purified  fat  of  sheep's  wool. 

4^JDiatQmic^lcohols  or  Qlycols.  General  formula,  CnH2n(OH)2. — 
If  two  hydrogen  atoms^"a  hydrocarbon  of  the  paraffin  series  be  re- 
placed by  two  OH  groups,  we  obtain  a  diatomic  alcohol  or  glycol  (from 
r^jjxo^,  sweet).  Thus,  from  ethane,  C^,Hp,  we  obtain  ethylene  glycol. 
C^H^OH)^!.  ^^^  ^^^  OH  groups  do  not,  however,  attach  to  the  same 
cirbon  atoms,  so  that,  while  theoretically  both  ethylidene  glycol,  CH,.- 
CH(0H)2,  and^cthylenc  glycol,  CH.OH— CHpH,  are  possible,  only  the 
latter  can  be  obtained^  For^TlnsTeasoltrSlso,  the  first  of  the  series  of 
glycols,  methylene  glycol,  CH^COH).^,  cannot  be  obtained  in  the  free  state, 
although ^^fFers  corresponding  to  it  are  known.     (See  Methylal,  p.  646.) 

Glycols  are  formed  most  readily  by  forming  first  the  dibromides  of  the 
hydrocarbons  and  then  replacing  the  bromine  atoms  by  hydroxl  groups. 
This  can  be  effected  by  boiling  the  dibromides  with  water  to  which 
potassium  carbonate  or  lead  hydroxide  has  been  added  to  take  up  the 
hydrogen  bromide  liberated,  the  reaction  being: 

(^H.Br t. ^:^«      "^     iH»OH     -^      '"^" 

They  are  also  formed  by  the  direct  combination  of  the  olefine  hydro- 
carbons with  hydrogen  peroxide,  or  by  oxidation  of  the  olefines  by  potas- 
sium permanganate  :  CjH^  +  H^jO  +  O  =  C2H^(OH)2. 

The  glycols  are  mostly  syrupy,  sweet-tasting  Hquids  of  relatively 
high  boiling  point.  They  are  readily  soluble  in  water  and  alcohol,  in- 
soluble in  ether.  The  double  tertiary  glycols,  known  specially  as 
*'pinacones,"  are,  however,  soHd  crystalline  compounds. 

Ethylene  Glycol,  CHjOH.CHjOH.  is  prepared  from  ethylene  bromide, 
CjHjBrj,  and  water  in  the  presence  of  potassium  carbonate.  It  is  formed 
also  along  with  trimethylamine  on  boiling  an  aqueous  solution  of  cholin, 
a  decomposition  product  of  lecithin  and  protagon  (see  p.  850):  C^Hj^- 
NOj  =  (CH3)3N  -f  C2H^(OH)2.  It  is  a  sweetish,  syrupy  Hqmd,  boiling 
at  197®. 
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^.^--^opylene  Glycols,  CoH^COH),. — Two  isomeric  forms  are    known,  o- 
propyteng-gTycoTTXri^.C  and  i^-propylene  glycol,   CH,- 

OH.CH2.CH2OH.  The  former  oTthese  can  be  prepared  from  propylene 
bromide,  but  is  most  easily  obtained  by  distilling  glycerin jKith__caustic 
soda.  It  boils  at  188°,  and  is  converted  by  fissure^rmentslnto S" dextto- 
"affffXlaevo-rotatory  modification;  the  /^'-propylene  glycol  is  also  known 
as  trimethylenc  glycol,  and  may  be  prepared  from  trimethylene  bromide, 
or  produced  in  the  fissure  fermentation  of  glycerin.  It  boils  at  216°. 
Hexylene  Glycols,  C^^.,{0\1).,. — ^Thc  most  interesting  compound  of 
this    formula   is    the    so-called    "pinacone,"    or   tetramethyl-ethylene, 

C(0H)  =  (CH3), 
glycol,    I  It  is  most  readily  formed  when   acetone  is 

c(on)-^(CH3), 

reduced  by  metallic  sodium  in  the  presence  of  potassium  carbonate. 
It  forms  a  white,  crystalline  mass,  with  camphor-like  odor,  melting  at 
42°  and  boiling  at  1 71°-!  7  2°.    By  oxidation  it  is  reconverted  into  acetone. 

Other  glycols  of  high  molecular  weight  are  found  in  the  natural  waxes. 
Thus,  from  camauba  wax  has  been  obtained  a  glycol  of.  the  formula 
C^H^COH).,  melting  at  103.5°,  ^"^  ^^e  white  wax  obtained  from  the 
cochineal  insect  under  the  name  of  coccerin  on  saponification  yields 
cocceryl  alcohol,  C3„Hgy(OH)2. 

5.  TriatomiQ,AlcQhols,  or  Glycerols. — General  formula,    CnH^^., 
(0H)3. — When  three  atoms  of  hydrogen  in  a  hydrocarbon  of  the  paraffin 
series    arc    replaced   by    OH    groups,    we  have  a  triatomic  alcohol,  or 
glycerol.    Such  alcohols  act  like  triacid  bases,  and  can  combine  with  one, 
two,  or  three  molecules  of  a  monobasic  acid. 

The  j^jlyccrols  are  colorless,  syrupy  liquids,  readily  soluble  in'  water, 
and  of  hi^h  boiling  point. 

The  first  of  the  scries,  that  derivable  from  methane,  is  unknown. 
Its  formula,  CH(OH).j,  would  be  too  unstable  to  allow  of  its  isolation,  as 
a  molecule  of  water  would  undoubtedly  split  off  from  the  three  OH  groups 
here  indicated  as  attachctl  to  the  same  carbon  atom..  Its  cthvl  ester, 
CH(OCoH.).,,  is,  however,  known  under  the  name  of  orthoformic  ether 
(see   p.    522J. 

The  second  glycerol  of  the  series  corresponding  to  ethane  is  also 
unknown.  Its  formula,  C,H.j(OH).j,  also  indicates  that  to  one  of  the 
carbon  atoms  two  OH  groups  would  be  attached,  which  gives  us  an 
unstable  molecule.  Its  ethvl  ether,  C.,H.(OC,H.)m  is,  however,  known 
under  the  name  of  ortho-acetic  etb'-r. 

Propcnyl  Glycerol,  C.jH.(0H).j  (Glycerinum,  U.S. P.),  is  the  triatomic 
alcohol  corresponding  to  propane,  and  has  llic  structural  formula,  CH.,- 
OH-  CHOII  -CH.OH.  It  occurs  ahundantlv  in  nature  in  combination 
with  the  so-called  fatty  acids  as  esU  rs  nf  tTiese  latter,  making^pTthe 
bulk  of  the  vegetable  and  animal  i^U'  and  x)ils  (see  p.  677). 

It  is  also  produced  in  the  alc^holn;  fermentation  of  sugar,  and  hence  is 
found  in  most  alcoholic  beve-agcs.  It  is  also  present  injthe  urine  as 
glyx:erin-phosphoric    acid,    a    decomposition    product   of    lecithin    and 
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protagon.    It  may  be  formed  artificially- by  the  action  of  water  at  170° 
upon  trichlorhydrin  (trichlorpropane) ,  C3Hr,Cl.j. 

Practically,  it  is  always  obtained  by  the  decomposition  of  the  fats  in 
connection  with  the  manufacture  of  soaps  and  stearic  acid.    This  decom- 
position may  be  effected  by  the  aid  of  water  m  the  JQim^f  super-heated 
steam,  by  alkalies  and  metallic  oxides,  or  by  heatmg  with  sulphuric  acid. 
~Y6t   a  futler  accounl"6I  these  methods,  see  section  on  Fat  Thdustries. 

Anhydrous  glycerol  is  a  thick,  colorless  liquid,  of  specific  gravity  1.27, 
while  the  U.S. P.,  glycerinum  (95  per  cent.)  has  a  sp.  gr.  1.246  at  25°. 
It  solidifies  at  low  temperatures  to  monoclinic  crystals,  which  fuse  at 
-20°  C.  It  boils  at  290°,  but  in  its  ordinary  impure  state  cannot  be  dis- 
tilled at  ordinary  pressures  without  decomposition.  It  is  very  hygro- 
scopic, and  mixes  with  water  and  alcohol  in  all  proportions.  It  is 
insoluble  in  ether,  chloroform,  carbon  disulphide,  benzine,  benzene,  and 
fixed  or  volatile  oils.  It  is  an  excellent  solvent  for  a  great  range  of 
substances,  such  as  bromine  and  iodine,  alkaline  chlorides,  fixed  alkalies, 
some  of  the  alkaline  earths,  as  lime,  and  a  number  of  neutral  salts.  It 
also  is  said  to  have  antiseptic  properties. 

Both  glycerol  and  its  naturally  occurring  compounds,  the  fats,  decom- 
pose when  heated,  with  the  production  of  acrid  penetrating  vapors  of 
acrolein  and  similar  products. 

ie  present  annual  production  of  raw  glycerin  throughout  the  world 
amounts  to  40,000  tons,  of  which  26,000  tons  are  obtained  from  the 
stearic  acid  manufacture  and  14,000  tons  from  soap  manufacture.  The 
production  of  glycerin  in  the  United  States  in  1904  is  stated  to  have 
been  18,791,997  lbs.,  valued  at  $2,345,205. 

Butenyl  Glycerol,  C.HyCOH).^.  Amyl  Glycerols,  C.H./OH).,,  and  Hexyl 
Glycerols,  CgH,i(0H3)  have  all  been  obtained. 

.6.  Tetratomic  Alcohols.  General  formula,  C„H.«..,(OH),. — If  four 
hydrogen  atoins"of  a  saturated  hydrocarbon  be  replaced  by  four  OH 
groups,  we  obtain  a  tetratomic  alcohol,  which  corresponds  to  a  tetracid 
base.  While  thejour  OH  groups  characteristic  of  these  alcohols  seem  to 
require  at  least  four  carbon  atoms  in  the  molecule,  and  hence  no  stable 
tetratomic  alcohols  can  be  expected  from  methane,  ethane,  or  propane, 
yet  ethers  from  these  lower  hypothetical  alcohols  have  been  obtained. 
Thus,  ortho-carbonic  ether,  CCOCjH,)^,  a  liquid  of  ethereal  odor,  boiling 
at  159°,  corresponds  to  an  alcohol,  C(OH)^. 

Erythrol  (or  Phycite),  C^H,;^OH)j,  occurs  free  in  Protococcus  vulgaris ,axiA 
rombined  witli'orseTIic*Tn5iH^  as  a^  ester  (erythrin)  in  many  lichens  and 
algae.  It  forms  large  quadratic  crystals,  easily  soluble  in  water,  difficultly 
soluble  in  alcohol,  and  insoluble  in  ether.    They  fuse  at  112°  and  boil  at 

330°. 

Penta-erythrol,  C^^{0}l)^y  has  also  been  made  artificially. 

7.  Pentatoniic  Alcohols.  General  formula,  C„H2„-s(OH)5. — Penta- 
tomic  alcdhoTs  hav^HTofB^en'TounS  in  nature, "Imd  until  very  recently 
had  not  been  obtained  artificially.  They  have  been  obtained,  however, 
in  several  cases  by  the  reduction  of  certain  pentoses  (see  Carbohydrates). 
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^Argbind,  CH.,OH— (CH.OH)^— CH^OH,  has  been  prepared  by  tbe 
reduction  of  arabinosc,  C^HmO^,  with  the  aid  of  sodium  amalgam.  It 
fuses  at  102*^,  and  has  a  laevo-rotatory  power  in  aqueous  solution  on 
the  addition  of  borax. 

Xylinoly  C^Hj-^O^,  has  been  prepared  by  a  similar  method  from  xylose, 
C^HnjOj.  It  has  not  as  yet  been  obtained  crystalline,  and  is  optically 
inactive. 

Rhamniiol,  CgHj^O^^,  prepared  from  rhamnose,  CgHjjOj,  is  a  homologue 
of  the  foregoing.  It  fuses  at  121°,  and  is  right-rotatory  in  aqueous  solu- 
tion even  without  the  addition  of  borax. 

^8,t_Hexatomic  Alcohols.  General  formula,  CaHga^COH)^. — Several 
alcohols  of  the  formula  C^JHigO^  have  been  founcl  m  nature,  and  have 
excited  interest  because  of  their  close  relation  to  one  of  the  groups  of 
carbohydrates  or  sugars.  The  nature  of  their  relation  and  a  method  for 
the  synthetic  formation  of  them  from  these  sugars  have  both  been  in- 
dicated in  connection  with  the  classic  work  of  Emil  Fischer  on  the 
Carbohydrates. 

Mannitol,  CH.OH— (CHOH),— CHaOH,  is  found  in  many  plants, 
as  in  the^ larch,  in  celery,  in  the  leaves  ol'Syringa  vulgaris ^  in  sugar-cane, 
in  Agarictis  integer  (of  the  dry  substance  of  which  it  forms  20  per  cent.), 
in  rye  bread,  and  notably  in  the  manna  ash  {Fraxinus  ornus),  the  dried 
juice  of  which  constitutes  Manna,  U.S. P. 

Mannitol  crystallizes  from  water  in  thick  rhombic  prisms,  or  from 
alcohol  in  silky  needles,  melts  at  165°-!  66°,  is  only  moderately  soluble  in 
water,  scarcely  soluble  in  cold  alcohol,  and  insoluble  in  ether.  Its  aqueous 
solution  turns  the  plane  of  polarization  very  slightly  to  the  left,  but  in 
the  presence  of  borax  and  other  salts  it  is  strongly  dextro-rotatory. 

It  has  been  obtained  artificially  by  Fischer  from  both  mannose  and 
fructose  (KtvuIosc)  by  reduction  with  sodium  amalgam  in  neutral  or 
weakly  acid  solution;  when  produced  from  fructose,  sorbitol,  an  iso- 
meric alcohol,  always  accompanies  it.  Mannitol  also  is  formed  from 
some  of  the  sugars  in  the  processes  of  fermentation,  as  in  the  lactic  acid 
fermentation,  and  in  especially  large  amount  in  the  mucous  fermenta- 
tion of  cane  sugar. 

Fischer  has  shown  that  there  are  three  mannitols  obtainable:  the 
ordinary  mannitol  is  the  dextro-rotatory  variety,  and  is  always  obtained 
in  the  reduction  of  a-mannosc ;  a  laivo-rotatory  mannitol  is  obtained  by 
the  reduction  of  /-mannose;  and  an  inactive  mannitol  is  obtained  from 
the  inactive  mannose.  The  three  varieties,  besides  differing  in  their 
optical  characters,  differ  slightly  in  their  fusing  points  and  their  crystal- 
line  forms. 

SorJyitol,  C,;HjOH  ),,,  is  found  in  the  berries  of  the  mountain  ash  and  in 
the  fruit  of  tlie  plum,  cherrv,  a])])lc,  pear,  etc.  It  crystallizes  out  of 
water  in  small,  colorless  needles,  which  contain  water  of  crystallization. 
The  anhydrous  substance  fuses  at  ito°-tii°.  It  is  slightly  laevo- 
rotatory  in  simple  aqueous  solution,  but  in  the  presence  of  borax  is  dextro- 
rotatory.    It  has  been  prepared  synthetically  from  dextrose,  and  repre- 
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sents  the  dextro  variety  of  sorbitol  only,  the  laevo-sorbitol  having  been 
also  prepared. 

^^Dukitol^JMelsLmpynte) ,  CgHjj(OH)g,  is  found  in  certain  plants  like 
the  Mefampyrum  nemorosum,  but  more  particulariy  in  the  manna  from 
Madagascar.  It  crystallizes  in  monoclinic  prisms,  fuses  at  188.5®,  ^^^ 
is  still  more  difficultly  soluble  in  water  than  mannite.  Dulcitol  is  opti- 
cally inactive  and  not  capable  of  being  resolved  into  active  modifications. 

Rhamno-hexitol,  C^Y{^q{OY{)^,  a  homologue  of  the  preceding,  has  been 
prepared  from  rhamno-hexose,  C^Hj^Og.  It  crystallizes  from  hot  alcohol 
in  small,  colorless  prisms,  melting  at  173°,  and  is  dextro-rotatory. 

9.  Heptatomic  to  Nonatomic  Alcohols. — Starting  with  the  group 
of  sugars  (hexoses)  corresponding  to  the  hexatomic  alcohols,  Emil  Fischer 
has  built  up  synthetically  several  alcohols  of  higher  classes.  Thus,  the 
addition  of  hydrogen  cyanide  to  a  hexose  will  give  what  is  termed  a  nitrile ; 
this  when  saponified  yields  an  acid  with  seven  carbon  atoms,  which  can 
be  reduced  by  sodium  amalgam  in  successive  steps  to  a  sugar  and  a 
heptatomic  alcohol.    We  may  illustrate  this  in  the  case  of  mannose  : 

(2)  CN 

(i)    CHO  CH.OH  (3)  COOH  (4)  CHO  (5)  CH2OH 

(CH.0H)4        (CH.0H)4  (CH.0H)8  (CH0H)6  (CH0H)6 

CHaOH.  CHaOH.  CHaOH.  CHaOH.  CHaOH. 

Mannose.  Mannose-  Mannosecar-  Manno-  Manno> 

C3ranhydrin.  boxylic  Acid.  heptose.  heptol. 

In  this  way  an  artificial,  d-mannoheptol,  C^HigO^,  was  prepared  by 
Fischer,  and  later  its  identity  with  the  naturally  occurring  Perseitol 
was  established. 

Perseitol  is  found  abundantly  in  the  fruits  and  leaves  of  Laurus  persea. 
It  crystallizes  from  water  in  microscopical  needles,  melting  at  188°.  Its 
aqueous  solution  alone  is  inactive,  but  on  the  addition  of  borax  becomes 
strongly  dextro-rotatory. 

By  analogous  synthetical  reactions  to  those  given  above,  there  has 
been  obtained  from  mannoheptose  an  octatomic  alcohol,  d-ntannoctol, 
Cj,Hm(OH)g.  By  the  same  method,  starting  from  «J-glucose,  there  have 
been  obtained  the  following  synthetic  alcohols:  a-glucoheptol,  C^HjgO^, 
fusing  at  12 7*^-1 28**;  a-gluco-octol,  C^H^fi^,  fusing  at  141®;  and  a-glu- 
cononoly  CgHoyO^,  fusing  at  194°. 

III.  _£thers.  or  Oxides  of  the  Hydrocarbon  Radicals. 

-  -J^he  ethers  may  also  be  considered  as  the  anhydrides  of  the  alcohols. 
Thus,  2CjjH,.0H  =^  {C^Yi^)jd  +  Hfi,  It  may  be,  however,  that  two 
different  alcohols  can  thus  be  united  by  the  loss  of  one  molecule  of  water. 
The  resulting  ether  will  then  contain  two  different  hydrocarbon  radicals 
united  by  oxygen.  Such  a  compound  would  be  a  mixed  oxide.  We 
distinguish,  therefore,  between  the  two  classes,  and  have  simple  ethers  or 
oxides  of  a  single  radical,  and  mixed  ethers  or  oxides  of  mixed  radicals. 
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In  both  these  cases,  however,  the  radicals  are  obtained  directly  from 
the  hydrocarbons  by  the  loss  of  one  or  more  hydrogen  atoms,  and  are 
the  same  as  unite  with  hydroxyl  to  form  the  alcohols.  These  alcohols, 
it  will  be  remembered,  were  spoken  of  as  basic  hydroxides,  so  the  oxides 
will  be  basic  oxides.  Compounds  where  a  basic  or  alcohol  radical  is 
united  by  oxygen  to  an  acid  radical  used  to  be  known  as  compound  ethers, 
but,  as  they  are  really  ethereal  salts,  they  have  been  given  the  name  of 
esters y  to  mark  the  distinction  and  to  separate  them  clearly  from  the 
basic  oxides  or  ethers. 

We  may  distinguish  between  the  ethers  of  the  monatomic  alcohols 
and  those  of  higher  alcohols. 

I.  Ethers _of  the  Monatomic  Alcohojs. — These  may  be  formed  in 
several  ways.  By  heating  the  alcoholswith  sulphuric  acid  the  ethers 
can  readily  be  obtained.  The  reaction  goes  on  in  two  stages,  however, 
as  illustrated  in  the  case  of  ethyl  ether  : 

(a)  C2H8.OH     +     S02(0H)a     -      S02(0H).0C2H8     -f     H2O. 

(6)  S02(0H)0C2H8     4-     C2H8.OH     =:     C2H6.OC2H8    -f     S02(0H)a. 

In  the  first  reaction  a  compound  known  as  ethyl-sulphuric  acid  (see 
p.  546)  is  formed,  which  then  reacts  with  a  second  molecule  of  alcohol 
to  form  ethyl  oxide  or  ether,  and  sulphuric  acid  is  regenerated.  Another 
general  method  for  ether  formation  is  to  treat  the  halogen  derivatives 
of  the  hydrocarbons  with  a  sodium  alcoholate  or  with  alcoholic  potash: 
C2H,I  +  C2H,.0Na  =-  C.H^.OCjH^  +  Nal. 

The  ethers  are  very  stable.  Ammonia,  alkalies,  dilute  acids,  and 
metallic  sodium  have  nd'attTon  upon  them.  They  can  be  changed  back 
into  the  corresponding  alcohols  by  superheating  with  water  in  the  pres- 
ence of  some  acid,  such  as  sulphuric. 

Methyl  Ether,  (CH3)j^0,  is  prepared  from  methyl  alcohol  and  sulphuric 
acid.  At  ordinary  temperatures  is  a  gas,  but  can  be  changed  by  pressure 
or  cold  into  a  mobile  liquid.  Boils  at  — 21°  C,  and  bums  with  bluish 
flame. 

Ethyl  Ether,  (C.yll^).fl  (^ther,  U.S. P.),  also  known  popularly  as 
"sulphuric  ether,'*  because  prepared  by  the  aid  of  sulphuric  acid.  It  is 
prepared  by  the  reactions  given  above.  As  in  these  reactions  the  sul- 
phuric acid  is  re-formed  after  serving  to  convert  the  alcohol  into  ether, 
it  would  seem  as  if  the  process  might  be  kept  up  continuously.  In  fact, 
it  is  possible  with  small  amounts  of  sulphuric  acid  to  convert  large  quan- 
tities of  alcohol  into  ether.  The  method  is  sometimes  called  the  **  con- 
tinuous cthcrification  process,"  but  a  limit  is  reached  in  the  power 
of  the  sulphuric  acid  because  side  reactions  interfere.  Some  sul- 
phuric acid  is  reduced  to  sulphurous  acid,  and  the  slight  impurities 
in  the  alcohol  become  carbonized.  The  temperature  of  the  reaction 
must  be  kept  as  near  140°  C.  as  possible,  as  at  a  higher  temperature  the 
acid  acts  dehydrating  upon  the  alcohol,  and  at  a  lower  temperature 
alcohol  distils  over  unchanged.  The  product  is -wa.§hed  with  milk  of 
lime  to  remove  the  sulphurous  acid,  then  rectified;  iuiil  Llie  WaLtii'^'^rd 
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alcohol  removed  by  chloride  of  calcium.  The  official  ether  is  composed 
of  about  96  per  c6nt.  by"^weiglrt  TiTSbyolULe  ether  and  about  4  per  cent, 
of  alcohol  containing  a  little  water. 

To  obtain  absolute  anhydrous  ether,  it  must  be  treated  with  metallic 
sodium  and  again  distilled. 

Common  ether  is  a  transparent,  mobile  liquid,  having  a  characteristic 
ethereal  odor,  and  a  burning,  sweetish  taste.  Its  specific  gravity  is 
0.725  to  0.728  at  15*^  C,  or  0.716  to  0.717  at  25**  C.  It  boils  at  about 
35.5  (the  absolute  ether  boils  at  34.97°)  and  melts  at  — 117.4°.  It  is 
somewhat  soluble  in  water  (i  part  in  10  parts  water  at  1 5°  C.)  and  miscible 
in  all  proportions  with  alcohol,  chloroform,  benzine,  benzene,  fixed 
and  volatile  oils.  Its  vapor  is  very  inflammable  and  forms  an  explosive 
mixture  with  air.  Ether  is  a  solvent  for  fats,  resins,  and  many  alkaloids; 
for  bromine,  iodine,  phosphorus,  and  a  number  of  salts.  It  is  used  in 
medicine  largely  as  an  anaesthetic.  The  amount  of  ether  manufactured 
in  the  United  States  in  1904  was  871,394  lbs.;  valued  at  $440,240. 

In.  thejnanufacture  of  ether,  as  carried^,Qut  on  a  large  scale,  two  side- 
products  are  obtainecT  that  may  ^B^^entioned.  ''Light  oilofwine*'  is 
obtained  as  a  liquid, -boiling  between  150°  aifti~30(D^riFis  a  mixture  of 
ethers,  ketones,  and  hydrocarbons.  "*' Heavy  oil  of  wine,"  which  boils 
above  300°,  is  a  mixture  of  esters  of  sulphuric  acid  and  olefine  hydro- 
carbons. 

Hoffmann's  Anodyne  (Spiritus  Athens  Compositus,  U.S. P.)  is  a 

mixture  of  ether,  alcohol,  and  ethereal  oil. 

CH  1 
Methyl-ethyl  Ether,  prr^fO,   is  an   example   of   the. mixed   ethers. 

It  is  made  conveniently  by  the  action  of  ethyl  iodide  upon  sodium 
methylate  : 

CaHal     -     NaOCHa     ^     NaT     -     c^Hb}^* 

Methyl-ethyl  ether  is  a  colorless  liquid  of  peculiar  odor,  which  boils  at 
1 1°  C.  and  is  very  inflammable.  Compressed  in  liquid  form  in  cylinders, 
it  comes  occasionally  into  use  as  an  anaesthetic,  being  recommended 
by  Richardson  as  a  substitute  for  chloroform. 

Allyl  Ether,  (C3H5)20,  is  the  oxide  of  the  unsaturated  radical  allyl 
and  corresponds  to  allyl  alcohol,  C3H5.OH.     It  boils  at  82°. 

2.  Ethers  of  the  Diatomic  Alcohols. — We  may  have  several 
classes  of  compounds  here,  either  the  compounds  of  the  dyad  radical  and 
monad  radicals  like  methyl  and  ethyl  linked  by  oxygen,  or  the  simple 
oxides  of  the  dyad  alcohol  radicals.     Thus,  we  have  from  C2H^(OH)2, 

r  OH 

ethylene  glycol,  CgH^  <  Qp  tt    and  C2H^(OC2H5)2,  or  C^Hfi,  which  is 

simply  ethylene  oxide. 

CH 
Ethylene  Oxide,  pij^>0,    may    be    obtained    by    decomposing    the 

halogen  derivatives  of  the  glycols  by  aqueous  alkalies.  It  is  isomeric 
with  acetaldehyde  (see  p.  525),  but  does  not  reduce  ammoniacal  silver 
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solution  as  does  aldehyde.  It  is  a  strong  base,  and  precipitates  tk 
hydroxides  of  magnesium,  aluminum,  copper,  and  iron  from  the  salts. 
3.  Ethers  of  the  Triatomic  and  Tetratomic  Alcohols. — While 
methenyl  glycerol,  CH(0H)3,  is  unknown  in  the  free  state,  as  stated 
before  (see  p.  516),  its  ethyl  ether  is  known.  The  so-called  orthoformk 
ether,  CH(0C2H,,),,  is  this  compound.  Boiling  point,  145^—146®.  From 
propenyl  glycerol  or  common  glycerol,  C3Hjj(OH)3,  we  have  similarly 
three  ethers:  C,H,(OH)20C2H,,  C,H,(0H)(0C2H,)„  and  CaH^COC^Hj,. 
The  first  of  the  tetratomic  alcohols,  C(OH)^,  was  also  stated  to  be 
unknown  in  the  free  state,  but  its  ethyl  ether  is  known  under  the 
name  of  ortho-carbonic  ether,  C(0C2H,)^.  It  is  an  aromatic-smelling 
compound,  boiling  at  158^-159*^. 

IV.    Sulpho-Alcohols,    Sulpho-Ethers,   and    Sulphonic 

Compounds. 

The  sulpho-alcohols  have  long  been  known  under  the  name  of  mer* 
captans  (from  ntercurio  aptuniy  because  of  the  readiness  with  which 
they  combine  with  mercuric  oxide),  and  contain  the  radical  SH  in 
combination  with  the  hydrocarbon  radical,  instead  of  OH  as  in  alcohols. 
They  are  formed  by  the  action  of  potassium  sulphydrate  upon  the 
iodides  of  the  paraffine  hydrocarbons.  Thus,  C^H^I  +  KSH  =  C^H^SH- 
+  KI. 

The  combinations  of  the  mercaptans  with  metallic  oxides  are  known 
as  niercaptidcs.  They  also  combine  with  aldehydes  and  ketones,  pro- 
ducing in  the  former  case  mercaptals,  and  in  the  latter  mercaptols.  The 
mercaptans  when  oxidized  yield  the  sulpJtonic  acids,  compounds  con- 
taining the  group  HSO.^  in  combination  with  the  hydrocarbon  radical. 
Thus,  C..H.SH  t  O,  C,H..HSO,.  On  the  other  hand,  the  oxidation 
of  the  mercaptols  yields  the  class  of  siilphonals. 

The  mercaptans  are  liquids  of  most  unpleasant  and  piercing  odor, 
resembling  that  of  leeks.  They  are  nearly  insoluble  in  water,  and  the 
lower  members  are  very  volatile.    They  are  inflammable. 

Methyl  Mercaptan,  CH.^SH,  is  a  liquid  of  unpleasant  odor,  boiling  at 
6°  C.  It  is  formed  by  the  action  of  anaerobic  micro-organisms  upon 
albumin,  and  is,  therefore,  found  among  human  intestinal  gases. 

Ethyl  Mercaptan,  C^H^.SH,  is  a  liquid  which  boils  at  36.2®,  and  is  of 
extremely  unpleasant  odor.  It  is  now  made  on  a  large  scale  as  furnish- 
ing the  starting-point  for  the  manufacture  of  sulphonal  and  trional. 

The  thio-ethers,  or  sulphur  ethers,  are  made  by  distillation  of  the 
iodides  of  the  hydrocarbon  radicals  with  potassium  sulphide  : 

Ch'i  "^    ^'^  "  CHp^"^  +   ^^^• 

They  are  colorless  liquids,  of  unpleasant  odor,  which  are  soluble  in 
alcohol  but  not  in  water.  By  their  oxidation  they  yield  first  sulph- 
oxides  and  then  sulplwnes:  (CH.,)oS;  (€113)280;  (CHjjjSO^. 

The  most  important  of  the  thio-ethers  is  : 
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^^JJyl ^''^i\^^'^''\J&g^)S^  known  as  "garlic  oil,"  is  obtained  from  the 
[eaves^of  the  garlic  (Alltum  sativum)  and  the  seeds  of  many  of  the  Cru- 
ciferae.  It  probably  does  not  exist  originally  as  such,  but  results  as  a 
decomposition  product  from  more  complicated  materials.  It  boils  at 
140°.  It  can  also  be  formed  artificially  from  allyl  iodide  and  potassium 
sulphide. 

The  sulphides  of  propyl,  butyl,  and  amyl  have  recently  been  identified 
by  Mabery  as  present  in  the  crude  petroleum  of  Lima,  Ohio,  and  in 
Canadian   petroleums. 

The  sulphonic  acids  and  salts  contain  the  sulphonic  group,  HSOj,, 
combining  directly,  with  the  valence  one,  with  the  hydrocarbon  radicals. 
They  may  be  formed  by  boiling  iodides  of  the  hydrocarbon  radicals  with 
alkaline  sulphites,  CgHJ  +  KgSOs  =  CjH^KSOg  +  KI.  or  by  the  oxida- 
tion of  mercaptans,  sulphides,  and  sulphocyanates  with  nitric  acid, 
as  before  noted. 

Meihyl-sulphonic  Acid,  CH3.SO3H,  has  been  prepared  as  a  syrupy 
liquid. 

Ethyl-sulphonic  Acid,  CgHij.SO^H,  forms  a  deliquescent  crystalling 
solid.  A  derivative  of  this,  amido-ethyl-sulphonic  acid,  is  known  as 
iaurin,  and  is  present  in  the  gall,  in  combination  with  cholic  acid,  as 
taurocholic  acid. 

Reference  was  made,  under  mercaptans,  to  the  fact  of  their  combining 
with  ketones  to  form  mercaptols.  This  reaction  is  a  fundamental  one  in 
the  preparation  of  the  important  product  known  as  sulphoncU. 

Sulphonal  (Sulphonmethanum,  U.S. P.)  (Diethyl-sulphone-dimethyi- 

"        ^"^ —      CH  SO  C  H 

methane),   ru'^^^^cnV^ir'^-     '^^^s  compound  is  prepared  from   ethyl 

mercaptan  in  two  reactions.  First,  2  molecules  of  the  mercaptan 
unite  with  i  molecule  of  acetone,  with  the  elimination  of  water,  to 
form  the  corresponding  mercaptol.  This  is  then  oxidized  by  an  acidified 
potassium  permanganate  solution.     The  reactions  are  : 


CHav.  p^^SCqHb     _\      r\      •CHa^^r^.x^S^fiCsHa. 

CHa^^^SCaHa     +     ^*     -     CHa^^^SOaCaHa. 


Sulphonal  forms  colorless,  odorless,  and  tasteless  crystals,  melting  at 
1 25^-1 26**,  and  boiling,  with  slight  decomposition  only,  at  300°.  More 
soluble  in  hot  than  in  cold  water;  soluble  in  boiling  alcohol.  The  solu- 
tions have  a  neutral  reaction.  If  a  small  quantity  of  sulphonal  be  heated 
in  a  small  test-tube  with  powdered  charcoal,  the  characteristic  odor  of 
mercaptan  is  obtained.  It  is  used  very  successfully  as  an  hypnotic  and 
soporific. 

Trional      (Sulphonethylmethanum,     U.S. P.)       (Diethyl-sulphone- 

methylethyl-methane),  p  H^'^^^SO^C^H^*     ^^'  instead  of  acetone  (di- 
methylketone),  we  take  methyl-ethyl-ketone  for  the  reaction  with  mer- 
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captan,  we  obtain  the  product  known  as  trional,  which  forms  colorless, 

lustrous,  and  odorless  crystals,  melting  at  76®,  soluble  in  hot  water,  easily 

soluble  in  alcohol  and  ether.     Its  therapeutic  action  is  similar  to  that 

of  sulphonal,  but  it  is  said  to  act  more  rapidly  and  in  smaller  doses. 

—Jjltonal  (Diethyl-sulphone-diethy  1-methane) , 

C  if    ^^^  ~  SO  C  H 

p*TT^>C<gQ^P^TT*,  is  made  by  using  diethyl-ketone  (propione)  instead 

lac^tOTie'fbr'fne  reaction  with  mercaptan.  It  forms  colorless,  lustrous 
scales,  which  melt  at  85*^,  easily  soluble  in  boiling  water  and  in  alcohol, 
and  moderately  soluble  in  ether.     It  is  very  similar  in  its  action  to  trional. 

V.    Aldehydes  and  Ketones. 

In  speaking  of  these  compo««ds  under  the  head  of  Classification  of 
Organic  Compounds  (see  p.  493),  they  were  referred  to  as  products  of 
oxidation  of  the  alcohols.  They  are  alike  in  this  common  derivation,  but 
differ  because  of  a  fundamental  difference  in  the  alcohols  from  which 
they  may  be  derived.  Thus,  if  a  primary  alcohol  containing  the  group 
— CHgOH  is  oxidized,  it  first  loses  two  hydrogen  atoms,  and  we  have 
the  group  — CO.H,  characteristic  of  aldehydes;  if,  on  the  other  hand,  a 

secondary  alcohol  containing  the  group  CH.OH-  is  oxidized,  it  loses  two 

hydrogen  atoms,  and  we  have  the  group  CO,  characteristic  of  ketones. 

Conversely,  by  the  action  of  sodium  amalgam  upon  aldehydes  we  get 
primary  alcohols,  while  the  action  of  the  same  reagent  upon  ketones 
gives  us  secondary  alcohols.  Another  important  difference  between  the 
two  classes  is,  that  aldehydes  readily  and  in  some  cases  spontaneously 
pass  to  a  fuller  stage  of  oxidation,  viz.,  acids,  in  which  the  — CO.H 
group  is  changed  to  a  — CO. OH  group,  while  the  ketones  represent  the 
final  products  of  oxidation  of  the  secondary  alcohols. 

They  have  some  reactions  in  common  and  some  which  are  distinctive 
of  each  class.  Both  aldehydes  and  ketones  combine  with  alkaline  bisul- 
phites to  form  crystalline  compounds,  which,  therefore,  serve  for  their 
extraction  and  purification  when  admixed  with  other  organic  compounds. 
Both  combine  with  hydrocyanic  acid  to  form  addition  compounds 
known  as  niiriles,  which,  when  saponified,  •  iold  acids  by  the  change 
of  the  CN  group  to  COOH.  Both  react  wiih  mercaptans  (see  p.  522). 
Both  unite  with  hydroxylamine,  NH^.OH.  to  ^orm  oximes,  known 
respectively  as  aldoxifnes  and  ketoximes;  and  both  unite  with- hydrazines 
(see  Phenylhydrazinc,  p.  613)  to  form  a  dass  of  compounds  called 
hydrazones. 

The  most  important  of  the  reactions  whicii  are  characteristic  of  alde- 
hydes alone  are  the  reducing  action  upon  amnion iacal  silver  solutions, 
whereby  a  silver  mirror  is  obtained,  and  the  formation  of  crystalline 
addition    compounds  with   ammonia. 


A 
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I.  Aldehydes  of  Saturated  Alcohols.     General  formula,  C^Hj^O. 

Formaldehyde,  HCO.H — A  mixture  q|^  gaseous  methyl  alcohol  and 
air  is  led  over  gently-heated  copper  oxideiyiel3ing'a~solution  of  formal- 
dehyde in  methyl  alcohol.  It  is  a  gas  orpungent  odor,  condensible  to  a  / 
liquid  boiUng  at — 21**,  which  reduces  ammoniacal  silver  solution  in  the 
cold.  It  polymerizes  very  readily  to  form  paraformaldehydeTC^H^^O,.  a 
white  crystallinelnass,  or  under  other  condittoiirto  produce  a  substance 
known  as  "formose,"  from  which  Emil  Fischer  has  isolated  «-acr^5^,  a 
sugar  of  the  formula  CgHj^O^.. 

Under  the  name  of  solution  of  formaldehyde  (Liquor  Formaldehydi 
U.S. P.)  an  aqueous  solution  containing  not  less  than  37  per  cent,  by 
weight  of  absolute  formaldehyde  is  official.  It  is  undoubtedly  an  anti- 
septic of  great  power,  and  as  such  has  been  used  in  surgical  practice  as 
well  as  for  the  preservation  of  foods  and  drinks,  although  open  to  ob- 
jection and  prohibited  by  pure  food  legislation. 

Aceialdehyde,  CH3.COH.— This  compound,  obtained  from  common, 
or  ethyl,  alcohol,  was  first  called  aldehyde  from  alcoliol  dehydrogenatum, 
to  indicate  that  its  formula  differed  from  that  of  alcohol  in  having  lost 
two  hydrogen  atoms.  It  is  found  m  both  crude  wood-spirit  and  g^ain- 
spirit^  from_theJ[att^  of  which  it  can  be  obtained Tn"  the  first  running  of 
the  rectifying  stills.  It  is  most  generally  obtained,  however,  by  the  oxi- 
dation of  ethyl  alcohol  with  the  aid  of  sulphuric  acid  and  potassium 
dichromate  or  manganese  dioxide.  Ammonia  gas  is  passed  into  an  ethe- 
real  solution  of  this  crude  distillate,  ah^Jf^^^^ysfainheSd 
"ammonia  separated  out.'  This  compound  is  distilTed  wifh~ditu^"sulptniric 
acid,  when  pure  aldehyde  can  be  collected.  It  is  a  colorless,  mobile 
liquid,  boiling  at  21°,  of  a  sharp  and  suffocating  odor.  In  contact  with 
a  little  hydrochloric  or  sulphuric  acid  or  zinc  chloride  it  quickly  poly- 
merizes and  yields. 

Paraldehydes,  (C.Hp),  (Paraldehydum,  U.S.P.).— This  is  a  color- 
less, Transparent  Uquid,  with  a  strong,  characteristic,  but  not  unpleas- 
ant odor,  and  a  burning  and  cooling  taste.  It  melts  at  10.5®  C,  and 
boils  at  1 23°-!  25°.  It  is  soluble  in  8  parts  of  water  at  25*^0.,  and  miscible 
in  all  proportions  with  alcohol,  ether,  and  fixed  or  volatile  oils. 

Another  polymeric  form  of  aldehyde  is  Metaldehydey  (Cj^H^O),,  which 
is  produced  from  aldehyde  at  low  temperatures,  and  is  crystalline, 
subliming  at  1 1 2°-i  1 5°.  When  heated  to  1 20°  under  pressure  it  changes 
back    to    aldehyde. 

By  the  action  of  chlorine  upon  alcohol  chlorine  substitution  derivatives 
of  aklehvde  are  formed,  one,  two,  or  three  hydrogen  atoms  being  replaced 
hv  chlorine.  The  most  important  of  these  derivatives  is  Trichlor aldehyde 
(or  chloral),  CCl^.COH.  This  is  an  oily  liquid,  boihng  at  98°  C,  of  sharp, 
characteristic  odor,  which  combines  with  sodium  bisulphite,  ammonia, 
and  hvdrogen  cyanide  like  aldehyde,  and  like  it  reduces  an  ammoniacal 
silver  solution.     It  crystaUizes  with  one  molecule  of  water  to  form. 

Chloral  Morale  (Chloralum  Hydratum,  U.S.P.)  CC1,.C0H  -f-  H^O. 
— The  facts  that  chloral  and  water  combine  with  development  of  heat. 


\ 
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aruj  that  certain  reactions  given  with  chloral  are  not  obtained  with 

chloral  hydrate,  make  it  clear  that  thi§^' sohd  is^ot  a  mere  hydrate, 

but  a  true  cheniical  coifipoundr  -ff  forms  monoclinic  crystals,  fusing 

at  58°  andlSSImg-fttpy*.    Itis  freely  soluble  in  water,  alcohol,  or  ether; 

also  in  chloroform,  beftzine,  benzene,  carbon  disulphide,  and  fixed  and 

volatile   oils. 

Chloral  is  manufactured  on  a  large  scale  by  saturating  ethyl  alcohol 

with  chlorine,  first  in  the  cold  and  afterwards  with  tlrraidoTlTSat: — After 

cOotlng  there  separates  out  a  crystalline  mass  known  as  Moral-alcO' 

OH  ^ ' "     ^ 

holat^  CCl3.CH<Qp  TT  .      This  is  then  heated,  with  strong  sulphuric 

acid,  and  when  hydrochloric  acid  gas  no  longer  escapes  the  chloral 
is  distilled  off.  It  is  again. rectified  and  mixedjadthJjje  water  necessary 
for  the  formation  of  the  chloral  hydrate.  The  action  of  chlorine  upon 
alcohol  is  said  to  be  aided  by  the  presence  of  substances  known  as  **  chlor- 
ine carriers,*'  like  iodine.  Ferric  chloride  also  has  been  proposed,  in 
which  case  it  is  said  that  the  chloral-alcoholate  is  not  formed  as  an  inter- 
mediate product. 

One  of  the  most  important  reactions  of  chloral  is  its  decomposition  by 
alkalies  and  the  resulting  production  of  chloroform,  according  to  the 
reaction:  CCl^.COH  +  NaOH  =  CHCI3  i  JICOONa,  whereby  chloro- 
form and  sodiiim  formate  resiilt.  The  "purest  chloroform  is  now  made 
by  this  method  from  crystallized  chloral  hydrate.  Chloral  hydrate  is  an 
important  hypnotic  and  sedative. 

Among  the  compounds  of  chloral  that  deserve  mention  because  of 
their  proposed  use  in  medicine  are: 

Chloral  Cyanhydrate,  CCI3.COH.HCN,  which  forms  white,  crystalline 
masses,  smelling  like  chloral  hydrate,  and  melting  at  61°.  This  com- 
pound has  been  recommended  for  use  instead  of  bitter-almond  water, 
as  6.46  grams  of  it  will  contain  uniformly  i  gram  of  anhydrous  prussic  acid. 

Chloralformamide  (Chloralformaniidum,  U.S.P.),  CCl3CH(0H)NH.- 
COH,  is  a'compound  of  chloral  and  formamide  (see  p.  557).  It 
forms  white,  lustrous  crystals,  melting  at  114°-!  15°;  slowly  soluble  in 
cold  water,  decomposed  by  hot  water,  readily  soluble  in  alcohol.  Used 
as  a  soporific,  being  decomposed  in  the  blood  into  chloral  and  ammonium 
formate. 

Chloralose,  C^H^Cl^O^,  is  the  name  given  to  a  compound  obtained  by 
heating  chloral  and  glucose,  according  to  the  reaction: 

CCI3.CO.H    -  CeHwOe    -  C8HiiCl«0e  f  HaO. 

It  forms  fine,  colorless  needles,  melting  at  i84°-i85°;  difficultly 
soluble  in  cold  water,  more  easily  in  warm  water,  easily  soluble  in  alco- 
hol.    It  is  recommended  as  an  hypnotic. 

Chloral  also  combines  with  antipyrin  in  two  proportions,  the  mono- 
chloral-antipyrine  (or  hypnal)  and  the  bichloral-antipyrine. 

Neither  bromal,  CBr3.COH,nor  iodal,  CI3.COH,  has  found  any  use  in 
medicine. 
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Butyr aldehyde,  CH^.CHo.CHj.COH.  results  from  the  oxidation  of 
TSutyl  alcohol.  It  is  also  obtained  by  the  oxidation  of  albuminoids  by 
chromic  acid.     Its  chlorine  derivative: 

Butyl  Chloral,  C^HgCljO,  also  forms  a  hydrate  which  has  been  used  in 
medicine  as  a  substitute  for  chloral  hydrate. 

CEnanthaldehyde  (CEnanthol),  C^H^ fi,  is  an  aldehyde  obtained  in 
quantity  by  the  distillation  of  castor  oil  under  reduced  pressure,  as  the 
ricinoleic  acid  of  the  oil  splits  up,  according  to  the  reaction: 

CieHatOa     -      C7H14O     -f     CnHaoOa. 

CEnanthol  is  a  strongly  refracting  liquid  of  penetrating  aromatic 
odor.    Used  in  the  manufacture  of  higher  fruit  ethers  (see  p.  547). 

2.  Aldehydes  of  Unsaturated  Alcohols,  CnHjo-gO. — These  cor- 
respond to  the  unsaturated  alcohols  derived  from  the  olefine  hydrocar- 
bons.   They  are,  of  course,  unsaturated  bodies  also. 

Acrolein,  CHg— -CH.COH,  is  the  aldehyde  corresponding  to  allyl  alco- 
hol, C3H5.OH.  It  is  produced  whenever  glycerin  is  decomposed  with  loss 
of  water;  hence,  in  the  superheating  or  distillation  of  the  fats,  as  shown 
in  the  reaction  C3H,(OH)3  —  2H2O  =  €311^0.  Liquid  of  sharp,  irrita- 
ting odor,  causing  tears,  boiling  at  52.4°. 

Croton  Aldehyde^Cfifi. — The  next  aldehyde  in  this  series  is  found  in 
£h(e' first  ruhnrfigs  oTraw  spirits.  Sharp-smelling  liquid,  boiling  at  104°- 
105°.    Reduces  silver  oxide,  and  is  thereby  oxidized  to  crotonic  acid. 

3.  Acetals — The  acetals  result  from  the  union  of  alcohol  with  alde- 
des  with  the  elimination  of  water,  or  from  the  oxidation  of  the  alcohols 

when  they  are  produced  along  with  the  aldehydes. 

OCH 
Meihylal,  HCH<qptj^,  is  obtained  by  oxidizing  methyl  alcohol  with 

sulphuric  acid  and  manganese   dioxide,   fractioning  the  product,  and 

collecting  the  fraction  boiling  between  40°  and  50®.    Mobile,  colorless 

liquid,  of  penetrating,  aromatic  odor,  boiling  at  42°.     It  is  soluble  in 

water,  alcohol,  ether,  and  fixed  and  ethereal  oils.    Used  in  medicine  as 

an  hypnotic. 

OC  H 
.  Acetal,    CH3.CH<qp^tt\  is  formed  by  the  reaction : 


'4^ 


CH.,CH;0     .^     {Jiggg;    =     CH..CH<g«j;     +     H.O. 

Is  found  also  in  the  raw  grain  spirit  when  filtered  through  charcoal. 
Colorless  liquid  of  agreeable  taste,  boiling  at  104®,  slightly  soluble  in 
water,  very  soluble  in  alcohol  and  ether. 

4.  Ketones. — The  ketones  are  most  readily  distinguished  from  the 
aldehydes  by  their  behavior  to  oxidizing  agents.  They  are  not  affected 
by  weak  oxidizing  agents;  hence  ammoniacal  silver  solution  is  not  re- 
duced by  them  as  it  is  by  aldehydes.  Chromic  acid  and  energetic  oxidiz- 
ing agents  act  upon  them,  but  the  ketone  molecule  is  broken  up  thereby, 
and  they  yield  acids  with  a  smaller  number  of  carbon  atoms.    Thus, 
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acetone,  CH^-:::CO—CH,,  when  oxidized  yields  acetic  add,  CHjCOOH, 
C<^"and  iTjO. 

The  ketones  show,  like  the  aldehydes,  a  tendency  to  condense  or 
polymerize.  With  acetone  this  condensation  (by  heating  in  the  presence 
of  concentrated  sulphuric  acid)  gives  rise  to  mesitylene,  an  aromatic 
hydrocarbon: 

CHa  CH« 

C(0)    .  c 

CH{Hs)  CH<Hb)  =  CH  CH  +      sHaO. 

CHs— C{0)        C(0)— CHa  CH»-C     C-CHs 

CH{H>)  CH 

Dimethyl-ketone  or  Acetone  (Acetonum,  U.S. P.).  CHj— CO— CH,.  is 
fouffd'Tn  small ^aTnoOnTTir  normal  human  urine,  in  the  blood,  and  in 
secretions ;  the  amount  is  notably  increased  in  cases  of  diseases  like 
diabetes  mellitus.  It  is  contained  in  crude  wood-spirit,  and  is  a  product 
of  the  distillation  of  sugar,  gums,  cellulose,  etc.  Technically  it  is  obtained 
by  the  dry  distillation  of  calcium  acetate,  according  to  the  reaction: 


CHs.CO:0 
CHa.iCOO- 


'>Caf     -      CH8.C0.CH*    +     CaCOs. 


Is  a  liquid  of  ethereal,  refreshing  odor,  boiling  at  56.5°  C.  Soluble  in  water 
alcohol,  and  ether.  Sodium  amalgam  reduces  it  to  isopropyl  alcohol. 
A  trace  of  acetone  may  be  detected  by  the  addition  of  a  solution  of  iodine 
in  potassium  iodide  along  with  an  alkali,  when  iodoform  is  obtained, 
the  odor  and  color  of  which  are  distinctive.  Acetone  is  used  largely  as  a 
solvent  for  resins  and  varnishes;  in  recent  years  in  the  manufacture  of 
chloroform  (see  p.  507)  and  in  large  amount  in  the  manufacture  of  smoke- 
less powder,  ^ 

The  amount  of  acetone  manufactured  in  the  United  States  in  1904  was 
1,300,395  lbs,,  valued  at  $161. jzo. 

Methyl-ethyl  Ketone,    CHj.CO.C^H.^,  is  also  contained  in  crude  wood- 
spirit. 

Methyl-nonyl  Ketone,  ,CH,.CO.C;,Hij  is  the  chief  constituent  of  i 
rue,  from  Rula  graveolens.    Oil  of  pleasant  odor,  boiling  at  224".    Yiel 
on  oxidation  acetic  and  nonylic  (pelargonic)  acids,  the  latter  ( 
is  used  in  the  manufacture  of  fruit  ethers. 

VI.    Acids  and  Deriv 

In  speaking  of  the  distinctir 
534).  mention  was  made  of 
oxidation  of  primary  «)' 

tion,  but  that  the  cor" 
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group  by  a  more  complete  oxidation.  We  may  illustrate  this  by  the 
example  of  ethyl  alcohol:  CH3.CH.OH,  ethyl  alcohol;  CHa.COH,  acct- 
aidehyde;  CH,COOH,  acrtir  acid. "      - 

The  'group  which  is  taken  as  characteristic  of  the  acid  is  :^CO,OH, 
known  as  "carboxjl,"  and  the  presence  of  one  such  group  gives  us  a 
monobasic  organic  acid.  If  the  alcohol  contain  two  groups  -CH^OH,  as 
in  diatomic  alcohols,  the  complete  product  of  oxidation  will  contain  two 
groups  — COOH,  and  we  shall  have  a  dibasic  acid. 

The  organic  adds,  like  the  alcohols,  are  hydroxides, — that  is,  contain 
the  OH  group  combined  with  a  radical, — but  they  arc  acid  hydroxides 
instead  of  basic  hydroxides.  Therefore  the  radical  which  is  present  com- 
bined with  the  ^DH  is  spoken  of  as  an  acid  radical,  while  the  alcohol 
radical  was  a  basttf  radical.  Wc  shall  sec  that  the  acid  radical  always 
Tiears  a  \'ery  simple  relation  to  the  alcohol  or  basic  radical  from  which 
it  has  been  derived.  What  the  difference  is  may  be  seen  by  comparing 
the  formulas  given  above.  Ethyl  alcohol,  CH,CH;OH.  contains  the 
radical  ethyl,  CM^.  combined  with  OH,  while  acetic  acid,  CH^.CO.GH. 
contains  the  radical  acetyl,  CH3CO.  combined  with  OH.  The  acid  radical 
we  find  to  be  formed  from  the  alcohol  radical  by  the  exchange  of  two  H 
atoms  for  an  O  atom. 

I.  Saturated  Monobasic  Acids  (FaHj'^lni/5cr/«),  C„H,„0,..— These 
are  formeil  from  the  primary  monatomic  alcohols  of  the  paraffin  series 
by  oxidation.  They  may  also  be  formed  from  the  cyanides  of  the  hydro- 
carbon radicals  next  lower  in  the  series  by  saponification,  as  in  the  reaction; 
rHs.CN  iHsO  CHaCOOII  NIIj; 

that  is,  methvl  cyanide  will  yield  acetic  acid  and  ammonia.  By  this 
means  wc  may  pass  up  the  series  from  one  h>'drocarbon  or  alcohol 
radical  to  the  acid  corresponding  to  the  next  higher  hydrocarbon. 

The  higher  membcr.s  of  this  scries  of  acids  occur  abundantly  in  nature 
in  the  natural  fats  and  oils  combined  with  glycerin,  and  In  the  waxes 
with  monatomic  alcohols  as  base,  to  form  esters  or  salts. 

Formic  AciJ.  HCO.OH,  was  first  obtained  from  the  bodies  of  ants 
{Formica  rufa),  whence  the  name.  It  also  occurs  in  the  bristles  of  the 
stinging  nettle,  the  fruit  of  the  soap-tree,  and  in  tamarinds  and  fir-cones  ■ 
also  in  perspiration,  urine,  and  the  juice  of  flesh.  It  is  made  artificially 
by  a  variety  of  reactions,  some  of  which  are  direct  syntheses  from  inor- 
^pials.  Thus,  the  action  of  moist  carbon  monoxide  upon  .Irv 
i&OWde  (or,  belter,  granular  soda-lime)  at  temperatures  of  [  oo''- 
"-s-^^a  rapid  and  abundant  production  of  sodium  foriii;ito 
'CP.ONa,  J^ 

1^  by  the  oxidation  of  methvl  alcohol:  hv  the 

Hhvdrogen  cyanidejnjhe  preseniv  of  a.id.-;  or 

''~^f±M^=^  HCOOH       Sit,- 

ad  chloral  by  alkaliis.  .^r.  ""^' 

fwenee  of  glycerin.    T!::--""'"^; 

llycerin  is  regenoratfl  i""^*  *** 
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convert  large  quantities  of  oxalic  acid  into  formic  acid.     The  reactions 

are: 

COHO 
C9H8(OH)8     f     I  =    C8H6(OH)iOCHO    -h    COs    -f     HgO. 

COOH 

C8H8(OH)«OCHO    -f     HaO    =     HCOOH     +     CsHeCOH)* 

Formic  acid  is  a  colorless  liquid  with  penetrating  odor.  The  liquid 
produces  a  painful  inflammation  if  dropped  upon  the  skin,  but  acts  as  a 
powerful  antiseptic  solution.    Formic  acid  in  solution  may  be  recognized 

TABLE    OF    THE    SATURATED    MONOBASIC    ACIDS 

(FATTY    ACIDS). 


Name. 


Formic  . 
Acetic    . 
Propionic    . 
Butyric,  Normal 
Butyric,  Iso 
Valeric,  Normal 
Valeric,  Iso 

Methyl-ethyl-acetic 

Trimethyl-acetic 

Caproic 

(Enanthic 

Caprylic 

Pelargonic 

Capric    . 

Undecylic 

Laurie   . 

Tridecylic 

Myristic 

Pentadecyli( 

Palmitic 

Margaric 

Stearic  . 

Nondecylic 

Arachidic 

Behenic 

Lignoceric 

Cerotic  . 

Melissic . 


Formula. 


>GH.COOH 


H.COOH    .      .      . 

CH3.COOH      .     . 

CH3.CH..COOH  . 

CH3.(CH.)..C00H 

(CH3)«=CH.C00H 

CH3.(CH.)8.COOH 

(CH3)a=CH.CHa.C00H 

CHs 

CqHs 

(CH3)3=C— COOH 

CeHiaOa 

C7Hi40a 

CsHieOa 

CsHisOa 

CioHaoOa 

CiiHaaOa 

CiaHaiOa 

CisHaeOa 

C^HasOa 

CioHsoOa 

CieHsaOa 

CnHaiOa 

CisHseOa 

CieHasOa 

CaoHioOa 

CaaH440a 

CaiHisOa 

CavHsiOa 

CsoHeoOa 


Melting 
Point. 


9«C. 

-79" 

-51" 
Liquid. 

—2° 

—10° 

16° 

12° 

31° 

2  8<' 

44° 
40° 

:.4° 

51" 
62° 

60° 

69® 

77° 
760 

80° 

78^ 

90® 


Boiling 
Point. 


99" 
Il8*» 

141^ 
163^ 

154" 
i86*» 

175" 

177** 
164® 

205« 

224® 
236® 

254** 
269** 

♦226** 

*236° 
*248*> 

*257° 
*2  69° 
♦  2770 

*2870 
♦298° 


by  the  reducing  power  it  exerts  upon  silver  and  mercury  salt  solutions. 
Thus,  metallic  silver  is  separated  out  on  heating  formic  acid  with  silver 
nitrate  solution,  while  white  calomel  is  separated  out  on  adding  formic 


^Boiling  points  under  a  pressure  of  100  mm. 
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acid  to  corrosive  sublimate  solution.  Formic  acid  unites  with  inorganic 
bases  to  form  salts  called  formates,  all  of  which  are  easily  soluble  except 
the  lead  and  mercurous  salts.  The  formates  containing  organic  bases 
will  be  spoken  of  under  '*  Esters." 

Acetic  Acid,  CH«.COOH,  was  known  to  the  ancients  in  the  form  of 
^nrervmegar,  and  in  a  purer  and  more  concentrated  form  to  the  alchem- 
ists. It  is  found  partly  free  and  partly  combined  with  potassium  and 
calcium  in  various  plant  juices,  and  in  the  perspiration,  milk,  urine, 
muscles,  and  excrementa  of  animals.  It  results  from  the  fermentative 
decomposition  of  albuminoids  and  glue,  and  the  dry  distillation  of  wood, 
starch,  and  sugar.  A  complete  synthesis  of  it  has  been  accomplished 
by  the  oxidation  of  acetylene,  which  (see  p.  503)  can  be  built  up  from 

carbon  and  hydrogen.    Thus,  CHihCH  +  H.p  +  O  =  CH3COOH. 

—  Ihe-twa^eat  sources  of  acetic  acid,  however,  are  the  acetic  fermenta- 
tion QfalcohoHr  liqt^jHWgPfi  F#^nnpnfafir>n^'^an7r"f>>o  3ry  dlsHllation  of 

wood!  Ssmade  from  this  latter  source  it  is  known  a^"  pyroligneous " 
acid,  and  is  quite  impure  from  the  presence  of  creosote  and  other  em- 

pyrPiijpafip  prnHnrf.^^  ^imTvrr  wnnH.tar        It  IS  purifiedjb^neutralizillg^ 

with  milk  of  lime,  wherebytKe  "brown  acetateof  lime*'  is  obtained.       ^' 
This  is  purified  by  roasting  off  the  tarry  impurities,  decomposed  with 
hydrochloric  acid,  and  the  acetic  acid  distilled  off.     It  may  be  further 
purified  by  the  recrystallization  of  the  sodium  salt. 

Acetic  acid  when  pure  is  a  strongly  acid  liquid  of  pungent  odor,  bum-     •• 
ing  the  skin,  and  solidifying  in  the  cold  to  crystalline  plates,  melting  at     ^ 
15°,  and  boiHng  at  118°;  sp.  gr.  at  15°  1055.    T^s  is  known  as  glacial 
■acetic  aqid  (Aciduni  Aceticum  Glaciale,  U.S.P.).'  Two  other  strengths   <  ^ 
of  acid  are  also  official!  one  containing  ai)out  36  per  cent,  by  weight  of  \^ 
.absolute  acetic  acid  (Acidum   Aceticum,    U.S. P.),   and  a  still  more    \ 
dilute  acid  containing  6  per  cent,  by  weight  of   absolute   acetic    acid     t 
(Aciduni^ Aceticum  Dilutum,  U.S. P.). 

The  glacial  acetic  acid  has  a  strong  solvent  power  for  many  organic 
substances^  and^  hence  is  frequently  used  as  a  solvent  from  which  to 
crystallize  out  organic  preparations.  Acetic  acid  may  be  detected  bv 
first  neutralizing  with  ammonia  and  then  adding  ferric  chloride,  when  a 
blood-red  color  of  ferric, acetate  is  obtained,  which  color  is  destroyed  by 
— heating  witk  hydrochloric  or  sulphuric  acids,  or  by  heating  with  alcohol 
and  sulphuric  acid,  when  the  characteristic  odor  of  acetic  ether  is  obtained. 

The  salts  of  acetic  acid  are  known  as  acetates.  All  the  neutral  salts  are 
soluble  in  water,  but  insoluble  basic  acetates  of  several  of  the  heavy 
metals  are  obtained.    The  official  metallic  acetates  are: 

Potassii  Acetas,  U.S. P.,  KCjHgOg. — A  white,  deliquescent  salt, 
odorless,  and" of  a  saline  taste,  readily  soluble  in  water  and  alcohol. 

Sodii  Acetas,  U.S. P.,  NaCgH^Oj  +  3H2O. — Colorless,  monoclinic 
prisms,  odorless,  and  of  saline  taste,  efflorescing  in  dry  air.  Soluble 
in  water,  less  readily  soluble  in  alcohol. 

Plumbi  Acetas,  U.S. P.,  Pb(C2H,02)2  +  3H2O. — Forms  colorless,  shin- 
ing transparent,  monoclinic  prisms,  with  faintly  acetous  odor,  and  a  sW6et- 
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ish,  astringent,  and  metallic  taste.  Efflorescent,  and  absorbing  carbon 
dioxide  in  air,  easily  soluble  in  water,  and  moderately  soluble  in  alcohol. 

Zinci  AcfiJ;aa»  U.S. P.,  Zn(C2H30.^)2  -f  2H2O. — Soft,  white,  mono- 
'  cirhic  plates,  of  pearly  lustre,  faintly  acetous  odor,  and  astringent,  metal- 
lic taste.  Gradually  effloresces  in  the  air.  Easily  soluble  in  water, 
moderately  soluble  in  alcohol. 

Besides  these  crystalline  salts,  we  have  several  acetates  official  in 
solution,  as  Liq^uor  Ammonii  Acetatis,  U.S. P.;  Liquor  Ferri  et 
Amnionii  Acetatis,  U.S. P.,  and  Liquor  Plumj^i  Subacetatis,  U.S. P. 
^^ — The  most  ittiportant  acetates,  in  addition  to  those  j'usfTtienliOned,  are 
ferrous  acetat£^Fe(C.^H^O.,).^,  largely  used,  under  the  name  of  **iron 
Hquor,"  as  a  mor^anFm  dyeing;  aluminum  acetate,  AlCCjHjOj);,,  used 
for  the  same  purpose,  under  the  name  of  "red  liquor;**  neutral  and 
basic  acetates  of  copper,  Cu^CJrLp^)^  and  Cu(C2H302)2  +  CuO,  used, 
under  the  name  ol.^  vefdigrTs,'*  in  paint  coiorsTand  a  double  acetate 


and  arsenite  of  copper,  known  as  '*  Paris  green." 

\^a?^P.«zc:.Acid»_CjH^.OH,  is  so  named  because  it  is  the  first  of  this 
series  which  can  be  separated  from  its  aqueous  solution  in  an  oily  layer 
by  the  addition  of  calcium  chloride  and  similar  salts,  hence  rcptoTo^^  the 
first,  ^iovy  fat.  It  is  contained  in  human  urine  and  in  perspiration,  in 
the  fruit  of  Gingko  biloba  and  other  plants,  and  in  crude  wood  vinegar. 
It  can  be  formed  by  the  oxidation  of  propyl  alcohol,  by  the  saponifica- 
tion of  ethyl  cyanide,  and  by  the  action  of  ferments  upon  glycerol  and 
upon  malate  and  lactate  of  calcium. 

It  is  a  liquid  of  peculiar  odor,  boiling  at  141°  C. 

Butyric  Acids,  C,H,O.OH. — The  two  butyl  alcohols  (see  page  513), 
both  being  primary  alcohols,  mav  vield  on  oxidation  corresponding  acids. 
The  normal  butvric  acid,  CH.,.CH^.CH..,COOH,^  found,  combined  with 
glycerin,  in  freshly-made  butter,  and  in  the  free  state  in  jancjd-buttcr. 
The  free  acid  is  also  found  in  perspiration,  in  the  contents  of  the  intestines, 
and  in  the  faeces.  It  is  also  produced  readily  by  fermentation,  either 
from  sugar  by  the  butyric  fermentation  or  from  albuminoids,  like  fibrin 
and  casein,  or  from  glycerol  by  fissure  ferments. 

Liquid  of  sharp,  rancid  odor,  boiling  at  163°,  soluble  in  water,  but 
separating  on  addition  of  calcium  chloride. 

CH 
The  isobutyric  acid,pu*>CH.COOH,  is  found  in  many  plants,  as  in 

Ceratonia  siliqua,  in  the  root  of  Arnica  montana,  and  as  ester  in 
Roman  chamomile  oil  and  croton  oil.  Liquid  smelling  like  the  normal 
butyric  acid,  but  more  sparingly  soluble  in  water,  and  boiling  at  154°. 
Valeric  Acids,  C;,H„O.OH.  —The  normal  valeric  acid  is  found  in  crude 
wood  vinegar,  and  mav  be  obtained  by  the  oxidation  of  the  normal  amyl 
alcohol.  Liquid  smelling  like  butvric  acid,  boiling  at  i84°-i85^,  and 
optically  inactive. 

Isovaleric  acid,  ptt'>CH.CILCOOH,  is  found  abundantly  in  dolphin 

oil  and  in  the  root  of  Valeriana  ojjicinalis.     It  is  also  found  in  human 
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excrement,  and  is  a  product  of  the  decomposition  of  albuminoids,  hence 
..its  occurrence  in  old  cheese.  It  mav  be  obtained  most  rcadilv  by  the 
oxidation  of  the'amj^'lalcphpl.oi  fermentation  by  the  aid  of  sulphuric 
acid  and  potassium  bichromate.  Liquid  of  strong,  unpleasant  odor  of 
valerian,  boiling  at  175°.  Several  of  the  metallic  valeriates  are  ot 
importance  in  medicine.    These  are  : 

Axnmonii  Valeras,  U.S. P.,  NH^C^HgO^,. — Colorless,  crystalline  plates 
with  the*"5dor  of  valerian,  of  a  sharp,  sweetish  taste,  and  deliquescent 
in  moist  air.     Soluble  in  water,  alcohol,  and  ether. 

Zinci  Valeras,  U.S.P.,  Zn(C,HyO.^)2  +  2H,0.— White,  pearly  scales, 
having  the  odor  of  valerianic  acid,  and  a  sweetish,  astringent,  and  metal- 
lic taste.     Not  very  soluble  in  water;  more  soluble  in  alcohol. 

The  other  varieties  of  valeric  acid  are  only  of  theoretical  interest  as  yet. 

Caprquj  A cid,  CJH t^Q J3 H . — The  normal  caproic  acid  is  found  in 
cocoanut  oil  and  Limburg  cheese,  and  is  produced  in  the  butyric  fermen- 
tation of  sugar  and  the  oxidation  of  albuminoids,  and  as  glycerin  ester 
in  butter  made  from  goat's  milk.  Like  valeric  acid,  it  has  a  very  per- 
sistent and  unpleasant  odor  of  perspiration  and  rancid  butter. 

Caprylic  Acid,  C^H,r,O.OH,  is  found,  with  caproic  and  capric  acids,  in 
^"^he  butter  from  goat's  milk  (whence  the  names),  and  in  butter,  cheese, 
and  wine  fusel  oil. 

Pelargonic  Acid,  CyHi^O.OH,  is  found  among  the  volatile  constituents 
of  the  plant  Pelargonium  roseuni. 

Laurie  Acid,  C^2^.ifi.^,  is  contained  as  glyceride  in  the  oil  from  Laurus 
nobilis,  as  well  as  in  cocoanut  oil,  pichurim  beans,  dika  bread,  and  in 
spermaceti. 

Myristic  Acid^  C,4H.^02,  is  contained  in  nutmeg  butter  and  in  oil  of 
iris.  Small  quantities  have  also  been  found  in  butter  and  in  sper- 
maceti. 

Pa/mi/i£^a(i,  C,f,H„O.OH,  is  found  abundantly  in  combination  with 
glycerin  as  an  ester  **palmitin'*  (see  p.  549).  The  acid  is  best  extracted 
from  Japan  wax  or  from  palm  oil.  It  may  also  be  formed  by  fusing  oleic 
acid  or  cetyl  alcohol  with  solid  potassium  hydroxide.  White  scales, 
fusing  at  60®. 

Margaric  Acid, ^^^W^ .OH,  was  formerly  supposed  to  be  present  in 
the  natural  fats,  t^ut  the  supposed  acid  was  found  to  be  a  mixture  of 
palmitic  and  stearic  acid.  Margaric  acid  has,  however,  been  made 
synthetically  from  cetyl  cyanide,  C,f,H33.CN. 

Stearic  Acid,  Cj^Hj^O.OH  (Acidum  Stearicum,  U.S. P.),  as  commer- 
cially obtainable,  forms  a  hard,  white,  somewhat  glossy  solid,  odorless 
and  tasteless,  and  permanent  in  the  air.  Insoluble  in  water,  moderately 
soluble  in  cold  alcohol,  readily  soluble  in  boiling  alcohol  and  ether. 
Stearic  acid  melts  at  69.2^  C. 

Arachidic  Acid,  Cj^.H-^COH,  is  present  in  earth-nut  oil  (from  Arachis 
hypogcea).    It  is  also  contained  in  cacao  oil. 

Lignoceric  Acid,  CjiH^^CGH,  is  found  in  the  free  state  in  the  paraffine 
of  beechwood  tar,  and  as  glyceride  in  earth-nut  oil. 


•t. 
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Cerotic  Acid,  C27H53O.OH,  is  found  in  the  free  state  as  the  chief  con- 
stituent of  beeswax,  also  as  the  eery  I  ester  in  Chinese  wax,  and  in  wool 
suint.  It  is  also  obtained  by  the  oxidation  of  parafifine  with  chromic  add 
or  dilute  nitric  acid. 

Melissic  Acid,  C^^HgjO.OH,  is  obtained  from  myricyl  alcohol  by 
fusTon  wTtTr"pbtassium  hydroxide  or  soda-lime.  It  is  also  found  free  in 
beeswax. 

2.  Unsaturated  Monobasic  Acids  {Oleic  Acid  Series),  C^Hj^^jOj. — 
These  acids  are  the  derivatives  of  the  olefine  hydrocarbons  and  the 
unsaturated  monatomic  alcohols  of  the  formula  C^Hj^O.  Being  unsat- 
urated, they  can  combine  directly  with  two  atoms  of  halogen,  and  in 
some  cases  two  atoms  of  hydrogen  or  one  molecule  of  haloid  acid.  Upon 
this  reaction  is  based  the  method  of  the  quantitative  analysis  of  fatty 
oils  by  determining  the  ** iodine  figure"  or  the  ** bromine  figure,"  show- 
ing the  percentage  of  unsaturated  acids  present.  The  acids  of  this  series 
may  be  formed  by  the  oxidation  of  the  corresponding  alcohols  or  alde- 
hydes, by  saponifying  the  cyanides  of  the  imsaturated  alcohols,  thus 
forming  the  acid  next  higher  in  the  series,  and  lastly,  by  heating  the  mono- 
halogen  substitution  products  of  the  saturated  fatty  acids  with  alco- 
holic potash. 

The  lowest  members  of  the  series  are  only  obtained  synthetically; 
the  higher  ones,  on  the  other  hand,  are  found  as  glycerides  in  animal 
and  vegetable  fats. 

Acrylic  Acid,  CgH^O.^. — By  the  oxidation  of  either  allyl  alcohol  or 
acrolein.  Generally  obtained  from  /3-iodopropionic  acid,  which  is  dis- 
tilled with  oxide  of  lead.  Unpleasant  acrid  and  penetrating  smelling 
liquid.  Crystallizes  when  cooled.  Boiling  point  140°;  easily  soluble  in 
water. 

Crotonic  Acid,  CJrifi.^. — Three  isomeric  varieties  are  known,  of  which 
the  first  and  the  second  occur  in  crude  pyroligneous  acid,  while  the  third 
is  found  in  Roman  chamomile  oil. 

An^^elic  Acid  and  Tiglic  Acid,  C^H^O^. — The  former  of  these  isomeric 
acids  is  found  in  angelica  root  as  well  as  in  Roman  chamomile  oil,  where 
it  is  present  as  an  ester;  the  latter,  also,  in  the  Roman  chamomile  oil 
as  amyl  ester. 

Hypogceic  Acid  and  Physetolic  Acid,  C^^^O.^. — The  former  of  these 
isomeric  acids  is  found  in  the  fruit  of  the  earth-nut  {Arachis  hypogcpa) 
as  glyceride,  and  forms  crystals,  melting  at  ^^°;  the  latter  is  found  in 
sperm  oil  (from  the  head  of  Physeter  macrocephalus) ,  and  melts  at  30°. 
The  first  acid  yields,  on  distillation,  sebacic  acid,  while  the  second  does 
not  yield  this  product;  the  first  is  changed  by  nitrous  acid  into  an  iso- 
meric modification;  the  second  is  not  affected  by  nitrous  acid. 

Oleic  Acid,  Cu^H^^O^  (Acidum  Oleicum,  U.S. P.),  is  found  abundantly 
in  nature  as  glyceride  in  all  the  fat  oils,  both  vegetable  and  animal.  A 
colorless  oil,  forming  white  needles  when  chilled.  Melting  point  14°. 
The  oil  has  a  sp.  gr.  of  about  0.900  at  15°  C.  It  is  insoluble  in  water, 
soluble  in  alcohol,  chloroform,  benzene,  benzine,  oil  of  turpentine,  and 
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fixed  and  volatile  oils.  It  cannot  be  vaporized  without  decomposition. 
A  small  quantity  of  nitrous  acid  changes  it  into  the  isomeric  Elaidic  acid, 
which  is  white  and  crystalline,  fusing  at  45°. 

D'oglinic  Acid,  Ci^Hj^Oj,  found  as  glyceride  in  the  oil  of  Balcena  ros- 
trata  (dogling  whale).    Oil  solidifying  at  low  temperatures. 

Erucic  Acid,  C22H^202,  is  found  in  black  and  white  mustard  seed  oil. 
It  forms  needles  melting  at  33°-34°.  With  a  small  quantity  of  nitrous 
add,  is  changed  into  the  isomeric  brassidic  acid, 

3.  Unsaturated  Monobasic  Acids  [Propiolic  Acid  Series)  ,CJd2jr^^^' 
— ^The  acids  of  this  series  correspond  to  the  acetylene  hydrocarbons, 
and  are  capable  of  adding  on  four  atoms  of  halogens  like  iodine.  They 
may  be  formed  by  the  direct  addition  of  carbon  dioxide  to  the  sodium 
compounds  of  the  acetylene  hydrocarbons,  as: 

CH=CNa         -f         COa        =        CH^^.COONa. 

Acetylene-sodium.  Propiolate  of  Sodium. 

Propiolic  Acid,  C^HgOj. — In  physical  characters  very  similar  to  pro- 
pionic acid.  Forms  silky  needles  melting  at  6°,  and  boils  at  144°.  Easily 
soluble  in  water  and  alcohol. 

Tetrolic  Acid,  C^H^Oj,  and  Sorbtc  Acid,  C^HgOj,  follow  in  this  series. 

Linoleic  Acid,  CigHjjOg,  is  found  as  glyceride  in  linseed  oil  (from  the 
seeds  of  Linum  tisiiatissimutn) .  A  yellow  oil,  rapidly  resinifying  in  the 
air.    This  acid  is  important  as  the  basis  of  "drying  oils." 


Supplement  to  the  Unsaturated  Acids: 

Ricinoleic  Acid,  Ci8H3^03,  the  characteristic  acid  of  castor  oil,  is  very 
similar  to  oleic  acid,  but  contains  one  alcoholic  OH  group.  It  is  oily  and 
solidifies  at  — 6*^  to  — 10°.  It  does  not  absorb  oxygen  from  the  air,  and 
hence  does  not  resinify. 

4.  Derivatives  of  the  preceding  Monobasic  Acids. — (a)  Halogen 
Compounds  of  the  Acid  Radicals.  Just  as  we  have  the  chlorides,  bromides, 
etc.,  of  the  basic  or  alcohol  radicals,  so  we  can  have  chlorides  etc.,  of  the 
acid  radicals. ^Jhe  best  example  of  this  class  is  Acetyl  chloride,  C^ ,0 . CI . 
This  is  a  colorless  mobile  liquid  boiling  at  55*^  C,  which  is  decomposed 
on  contact  with  water  and  is  of  great  value  as  a  reagent  because  of 
its  ready  reaction  with  alcohols  and  amines  to  form  acetyl  derivatives. 

(6)  Acid  Anhydrides.  Of  great  importance  in  synthetic  reactions  also 
are  the  oxides  of  the  acid  radicals,  or  acid  anhydrides.  Acetic  Anhy- 
dride  (C2H30)20  is  a  mobile  liquid  of  penetrating  odor,  boiling  at  137°  C., 
used  extensively  in  acetylating. 

(c)  Substituted  Fatty  Acids.  The  hydrogen  atoms  of  the  radicals  in  these 
acid  hydroxides  are  replaceable  by  halogen  atoms,  by  the  nitro  group 
(NOj),  the  amido  group  (NHg),  the  cyanogen  group  (CN),  etc.  These 
substituted  acids  do  not  lose  their  character  as  acid  hydroxides,  but 
may  form  corresponding  salts  and  esters.  A  few.  of  the  most  important 
of  these  derivatives  will  be  noted. 
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_Chlor acetic  Acids. — Monochloracetic,  Dichloracetic,  and  Trichloracetic 
"acids  are  all  known,  the  formulas  being,  CHgCl.COOH^  CHClj^COOH^ 
and  CCU.COOH.  jMcMoracetic  actdj[£^idmn  'rflchloraceticiinrTr.S.P.) 
is  readily  formed  by  the  oxidation  withnitric  acid  of  the  corresponding 
aldehyde,  chloral.  It  forms  whjtfi  Hpligiifigrpnt  rrvRtals  with  slight 
characteristic  odor  and  is  very  soluble  in  water,  alcohol  and  ether.  It 
decomposes  easily,  the  aqueous  solution  even  on  boiling,  into  chloroform 
and  carbon  dioxide.  It  is  a  powerful  caustic,  and  has  been  used  in 
medicine  for  this  purpose!  It  precipifofcea  -albumin  solutions  quantita- 
tively, does  not  affect  albumin  peptones,  but  precipitates  gelatin  pep- 
tones and  gelatin  solutions.  It  is  adapted  for  the  quantitative  deter- 
mination of  albumin. 

The  nitro-fatty  acids  are  of  no  special  importance.  With  tin  and 
hydrochloric  acid  they  yield  the  corresponding  amido-fatty  acids.  The 
amido-fatty  acids  are  more  important,  because  they  are  among  the 
commonest  of  the  decomposition  products  of  the  albuminoids. 

Amidd'formic  Acid,  NHgCOOH.  (See  Carbamic  Acid,  under  Car- 
bony  1  Compounds.) 

Amido-acetic  Acid,  CH2(NHj^).C00H. — This  important  substance, 
i6aowir^§^as"^'grycoc6ir,'^  is  readily  obtained  by  boiling  glue  or  silk 
ith^alkalies  oracids,  by  the  decomposition  of  hippuric  aciH  ^see  p^  77T 
withhyHfochloric  acT3,  orjbyheating  monochloracetic  acid  with  am- 
nionia  It  forms  large^^Jorless,  rhombicTprisms,'  easily  soluble  in  water, 
insoluble^  in  absulQtealcoEbl  and  etnerntTTelts  with  decomposition  at 
232°  to  236.°  As  an  amido-acid  it  unites  in  itself  both  the  properties  of 
a  base  and  an  acid.  It  forms  a  hydrochloride  on  the  one  hand,  and  a 
well-crystallized  copper  salt  on  the  other.  Substitution  derivatives 
from  glycocoU  are  also  obtained  by  the  replacement  of  the  hydrogen  of 

CH,.NH. 
the  amido  group.      Thus,  from  glvcocoll,  |  ,  we  obtain  methvl- 

COOH 
CH,NH(CH,) 
glycocoll,  or  sarcosine,  \  ,  which  is  a  decomposition  product 

COOH 
of    creatine  and  caffeine    (see  p.  583),  and  trimethvl-glvcocoll,   or  be- 

CH,.N(CH,)3 
iaine,    \  /        ,  which  is  contained  in  beet-root  and  cotton-seed, 

co.o ' 

and  is  related  to  choline. 

Amido-propionic  Acid,  CH^.CH(NH^,).COOH,  is  also  known  as  "ala- 
nine." It  can  be  obtained  by  the  action  of  dilute  acids  upon  silk  or  the 
action  of  hydrocyanic  acid  upon  aldehyde-ammonia.  Hard  needles  of 
sweetish  taste. 

Amido-hiiiyric  Acid,  NH^..(CH.)3.C00H. — One  of  the  amido-butyric 
acids  is  piperidinic  acid,  which  results  from  oxidation  of  piperyl-urethan. 

Ami  do-valeric  Acid,  NH.^(CH2)4.COOH. — One  of  the  amido-valeric 
acids  has  been  obtained  in  the  decomposition  of  fibrin  and  flesh,  and  of 
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Conine  and  piperidine  derivatives,  and  has  also  been  found  in  the  pancreas 
of  the  ox. 

Amido-caproic  Acid,  C5Hn,(NH2)COOH. — This  important  substance  is 
known  also  as  **  leucine,"  and  is  found  widely  spread  in  both  animal  and 
vegetable  material.  It  is  found  in  old  cheese,  in  the  animal  organism, 
in  the  gastric  salivary  gland,  and  along  with  tyrosine  is  a  constant  pro- 
duct of  the  digestion  of  albumin  in  the  small  intestine  and  of  the  decay 
of  albimiinous  substances;  it  is  also  found  in  the  shoots  of  the  vetch 
and  the  gourd.  Most  conveniently  made  by  boiling  clippings  of  horn 
with  dilute  sulphuric  acid.  Forms  scales  soluble  in  water,  difficultly 
soluble  in  cold,  more  readily  soluble  in  hot  alcohol.  Leucine  is  dextro- 
rotatory, but  is  made  inactive  by  heating  with  baryta  water. 

5.  Acids  derived  from  Diatomic  Alcohols. — The  diatomic  alco- 
hols or  glycols  have,  it  will  be  recalled,  two  alcoholic  hydroxyl  groups 
and  act  like  diacid  bases.  If  these  two  hydroxyl  groups  are  both  attached 
so  as  to  furnish  primary  alcohol  groups  CHo.OH,  we  may  obtain  by 
oxidation  two  groups,  COOH,  characteristic  of  organic  acids.  At  the 
same  time  one  alcoholic  group  may  be  oxidized,  while  the  other  remains 
unchanged.  Thus,  we  obtain  from  diatomic  alcohols  two  series  of  acids: 
one  a  series  of  diatomic  but  monobasic  compounds  which  are  half 
alcohol  and  half  acid;  and  a  second  series  of  diatomic  and  dibasic 
compounds  which  are  purely  acid  in  character. 

TABLE   OF  THE   ACIDS    DERIVED   FROM    DIATOMIC 

ALCOHOLS. 


Diatomic  Alcohol. 
General  Formula,  CuHgn-i-sOs. 


Ethylene  glycol, 


CH2OH 

I 
CHaOH. 

CH2OH 


Propylene  glycol,  CH2 

CHaOH. 

CHaOH 

I 
Butylene  glycol,  CaH4 

CHaOH. 

CHaOH 
I 
Amylene  glycol,  CsHe 

CHaOH. 


Monobasic  Alcohol- Acid. 
Formula.  CnH-uOs- 


CHaOH 
Gly collie  acid,  | 

COOH. 


CaH4.0H 
Lactic  acid,  | 

COOH. 


Dibasic  Acids. 
Formula,  CnHju— .^04. 


COOH 
Oxalic  acid,   | 

CO.OH. 

COOH 

Malonic  acid,  CHa 

I 


COOH. 

COOH 
CsHeOH  I 

Oxybutyric  acid,   I  Succinic  acid,  CaH4 

COOH.  I 

COOH. 

'  COOH 

C4H8.OH  J 

Oxyvaleric  acid,   |  Pyrotartaric  acid,  CsHe 

COOH.  I 

COOH. 


The  alcohol  acids  are  obtained  by  the  regulated  oxidation  of  the  gly- 
cols, or  by  the  action  of  moist  silver  oxide  or  water  alone  upon  the 
monochlor  derivatives  of  the  fatty  acids.    Thus,  glycollic  acid  is  derived 
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from  monochloracetic  acid:   CHjCl.COOH  +  Hfi  =  CHj(OH).CO0H   1 
+  HCl. 

Glycollic  Acid,  CHgOH.COOH,  is  found  in  unripe  grapes  and  in  the 
leaves  of  the  wild  vine.  Forms  colorless  needles,  melting  at  78^-79**. 
Easily  soluble  in  water,  alcohol,  and  ether. 

actic  Acid.  CjH^.OH.COOH. — Two  isomeric  acids  are  indicated  by 
theory:  Ethylidene-lactk  acid,  CH3.CH(0H).C00H,  and  ethylene- 
lactic  acid,  CHgOH.CHg.COOH.  Of  the  first  of  these,  however,  there  are 
two  physical  isomers,  the  optically  inactive  ethylidene-lactic  acid 
(lactic  acid  of  fermentation)  and  the  active  ethylidene-lactic  acid  (sarco- 
lactic  acid.) 


I  ,  Fermentation  lactic  acid  (Acidum  Lacticum,  U.S. P.)  occtirs  in 
1  bpiuin,  sauerkraut,  the  gastric  juTcenaffd  the  gray  matter  of  the  brain. 
It  i¥~  prbduceSnby  the  lactic  fermentation  of  sugar  (see  p.  574),  and 
hence  contained  in  such  products  as  sour  milk,  koumiss,  kefir,  etc. 
The  official  lactic  acid  contains  Tgper^^^cnf.  Of  absolute  lactic  acid,  and 
is  a  colorless,  syrupy  liqutd,  odorless,  of  acid  tasie,  and  sp.  gT.^about 
1.206  at  25°  C.  It  is  hygroscopic,  and  freely  miscible  with  water,  alcohol, 
or  ether;  insoluble  in  chloroform,  benzine,  or  carbon  disulphide.  Lactic 
acid  when  heated  in  dry  air  gives  rise  to  characteristic  anhydrides. 
Thus,  2C3Hg03  —  HjO  =  CgHiyOg,  Lactic  Anhydride ,  and  this  at  a  higher 
temperature  again  loses  a  molecule  of  water,  yielding  Lactide,  CgHgO^,  a 
stable  compound  crystallizing  in  colorless  tablets,  melting  at  125®,  and 
boiling    undecomposed    at    255°. 

Sarco-lactic  (or  Para-lactic)  acid  is  found  in  the  muscles  (hence  also  in 
extract  of  beef),  in  the  blood,  and  in  the  urine  after  strong  muscular 
exertion.  It  is  the  dextro-rotatory  modification,  and  can  be  produced 
together  with  the  laevo-rotatory  modification  by  splitting  up  the  inactive 
or  ordinary  lactic  acid.  This  is  accomplished  by  the  fractional  crystal- 
lization of  the  strychnine  salt. 

Ethylene-lactic  (or  Hydracrylic)  acid  forms  a  syrupy  mass.  It  differs 
from  ordinary  lactic  acid  in  yielding  carbonic  and  oxalic  acids  on  oxida- 
tion instead  of  acetic  acid,  and  in  not  yielding  an  anhydride  on  heating, 
but  breaking  up  into  water  and  acrylic  acid,  whence  the  name  hydra- 
crylic. 

Oxybutyric  Acid,  CgHgOH.COOH. — An  optically  active  (laevo-rota- 
tory) modification  of  this  acid  is  found  in  the  urine  and  the  blood  of 
diabetic  patients. 

The  dibasic  acids  result  when  the  diatomic  alcohols  are  oxidized  with 
nitric  acid  or  by  the  saponification  of  the  cyanogen  derivative  of  the 
fatty  acids. 

Oxalic  Acid,  COOH.COOH,  occurs  in  many  plants,  as  in  wood-sorrel 
(Oxalis  acetosella),  in  the  form  of  KHCgO^,  in  the  vanet\'€S^oi  Kumex, 
as  Na2C204  in  varieties  of  Salicornia,  and  as  CaC204  in  rhubarb,  beets, 
etc.  It  may  be  formed  by  the  oxidation  of  sugar,  starch,  etc.,  with 
nitric  acid,  or  by  fusing", i^elTuIose  with  potassium  and  sodium  hydroxides 
the  latter  method  being  employed  on  a  large  scale.  ~  It  crystallizes  with 
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2HjO,  is  soluble  in  water,  more  difficultly  soluble  in  alcohol,  almost 
itl§5Ig^le  in^ther.  Decomposes  olTgtrong  heating,  or  in  the  presence  of 
dehydrating  agents  like  sulphuric  acid,  according  to  the  reaction: 

COOH— COOH     =     CO2     4-     CO     H-     HaO. 

When  heated  with  glycerol,  formic  acid  is  produced. 

orms  inonoclinic  prismsTwliich  effloresce  in  dry  air.  Is  used  exten- 
sively in  calico  printing  as  a  mordant,  as  a  solvent  for  iron  stains,  and 
in  the  analytical  laboratory  as  a  reagent  for  lime.  But  a  single  metallic 
oxalate  is  now  official: 

Cerii  Oxalas^.U.S.P.,  ''consists  chiefly  of  a  mixture  of  cerium,  di- 
dymium,  and  lanthanum  oxalates,  with  other  rare  earths  of  this  group." 
It  forms  a  white,  granular  powder,  without  odor  or  taste,  permanent 
in  air.  Insoluble  in  water,  alcohol,  ether,  or  solutions  of  potassium  or 
sodiimi  hydroxide,  soluble  in  diluted  sulphuric  or  hydrochloric  acids. 

The  calcium  salt  is  insoluble,  and  at  times  occurs  in  urinary  concre- 
tions ;  the  double  potassio-ferrous  oxalate  has  a  powerful  reducing  action 
on  silver  and  platinum  salts,  and  is  used  in  photography  as  a  developing 
solution. 

Malontc  Acid,  COOH.CHg.COOH,  occurs  in  beet-root,  and  may  be 
produced  from  malic  acid  by  oxidation  with  chromic  acid,  whence  the 
name.  It  forms  large  plates  readily  soluble  in  water,  alcohol,  and  ether, 
melting  at  133^-1 34°. 

Succinic  Acid,  COOH.CgH^.COOH,  is  found  in  amber,  in  various  resins 
"and  lignite,  in  the  poppy,  in  unripe  grapes,  and  in  urine  and  blood.  It 
may  be  obtained  by  the  oxidation  of  the  higher  fatty  acids,  the  fats,  and 
waxes  with  nitric  acid,  from  gums  and  sugars  by  fusing  with  caustic 
potash,  and  as  a  side-product  in  the  alcoholic  fermentation  of  sugar. 
Itis  usually  obtained  by  distilling  amberja^^by  the  fermentation  of  a 
solution  of  tartrate  of  animohia.  Tf  crystallizes  in  prisms  or  tablets, 
fuses  at  182*^,  and  boils  at  235°,  yielding,  however,  the  anhydride.  It  is 
soluble  in  water  and  ether,  more  difficultly  in  alcohol.  The  most  im- 
portant salt  is  the  basic  ferric  succinate,  which  is  insoluble,  and  by  means 
of  which  iron  is  sometimes  separated  qualitatively  from  other  metals. 

Pyrotartaric  Acid,  COOH.C3Hg.COOH. — Of  the  several  isomeric  forms, 
the  most  important  are  glutaric  acid,  the  normal  pyrotartaric  acid, 
which  is  found  in  suint  of  sheep's  wool  and  in  the  juice  of  the  beet-root, 
and  methyl-succinic  acid. 

Of  the  higher  acids  of  this  series  may  be  mentioned  Adipic  Acid, 
(CH2)4.(COOH)2,  obtained  by  the  oxidation  of  the  fats  by  nitric  acid; 
Suberic  Acid,  C^H,^0^,  obtained  by  the  action  of  nitric  acid  upon  cork 
tissue;  Sebacic  Acid,  C,„H,gO^,  obtained  by  the  dry  distillation  of  sper- 
maceti and  fats  containing  oleic  acid;  and  Rocellic  Acid,  Cj^H^jO^, 
found  in  the  lichen  Rocella  fuciformis. 

From  unsaturated  alcohols  containing  two  CHj.OH  groups  may  also 
be  prepared  acids  which  will,  of  course,  show  the  unsaturated  character. 
They  bear  to  the  acids  just  described  the  same  relation  that  the  oleic 
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acid  series  does  to  the  fatty  acid  series.    They  have  the  general  formula 

^n^2n-4^4-    ^^^  Hiost  important  are  : 

Fumaric  and  Maieic  Acids,  C2H2(COOH)2. — The  first  of  these  isomeric 
acids  is  found  in  Fumaria  officinalis,  in  mushrooms,  and  in  Iceland  moss. 
It  is  formed  from  malic  acid  by  the  loss  of  water,  and  from  albuminoids 
by  the  action  of  aqua  regia.  Under  the  influence  of  nascent  hydrogen, 
it  takes  up  two  H  atoms  and  yields  succinic  acid.  When  heated  strongly 
for  a  time  it  changes  into  the  isomeric  maieic  acid.  This  acid  may  also 
be  obtained  by  the  distillation  of  malic  acid.  It  is  more  soluble  in  water 
than  fumaric  acid. 

6.  Acids  derived  from  Triatomic  and  Higher  Alcohols. — No 
matter  what  number  of  OH  groups  contained  in  the  alcohols,  whether 
three,  as  in  the  glycerols,  or  four,  five,  or  six,  the  presence  of  a  g^oup, 
CHjOH,  gives  rise  to  the  acid  character  in  the  products  of  oxidation, 
and  the  basicity  of  the  acid  depends  upon  the  mmiber  of  the  CHo.OH 
groups  so  changed  to  COOH. 

Glyceric  Acid,  CH2OH.CHOH.COOH,  results  from  the  careful  oxida- 
tion of  glycerol  with  nitric  acid,  and  is  obtained  also  in  the  spon- 
taneous decomposition  of  nitroglycerin.  Syrup,  soluble  in  water  and 
alcohol. 

Tartronic  Acid,  COOH.CHOH.COOH,  results  from  oxidation  of 
glycerol  with  potassium  permanganate.  Prismatic  crystals  easily  soluble 
in  water  and  alcohol,  difficultly  soluble  in  ether.    Melting  point  185®. 

Malic  Acid,  COOH.CHj.CHOH.COOH,  known  alsoasoxysu< 
acid,  is  very  widely  distributed  in  the  vegetable  kingdom,  befhg  found  in 
unripe  apples,  quinces,  grapes,  barberries,  etc.  It  may  be  formed  also 
from  succinic  acid,  on  the  one  hand,  by  replacing  an  H  atom  by  OH,  or 
from  tartaric  acid,  on  the  other  hand,  by  reduction  with  HI. 

It  forms  hygroscopic  needles,  easily  soluble  in  water  and  alcohol,  only 
slightly  soluble  in  ether.  Melting  point  100°.  Heated  to  1 20^-130°  it 
yields  fumaric  acid,  and  at  17 5^-1 80°  maieic  acid  is  formed. 

The  amides  and  amines  of  malic  acid  will  be  considered  farther  on. 

Tricarhallylic  Acid,  C.^H..(COOH).p  occurs  in  unripe  beets,  and  is  pre- 
pared synthetically  from  glycerol  through  the  intervention  of  the  bro- 
mine and  cyanogen  compounds  of  the  glyceryl  radical,  QiH..  Its 
relations  to  citric  and  aconitic  acids  are  seen  from  the  table,  and  it  can 
be  formed  from  both  by  simple  reactions.  It  forms  prisms,  melting  at 
166°,  soluble  in  water. 

Aconitic  Acid,  C3H3(COOH).j,  is  an  unsaturated  acid.  It  is  found  in 
nature  in  Aconiium  napellus,  Achillea  millefolium,  in  the  sugar-cane, 
and  the  beet-root.  It  is  also  readily  prepared  by  quick  heating  of  citric 
acid,  when  a  molecule  of  H^O  separates.  It  forms  crystals,  melting  at 
186°.     Easilv  soluble  in  water. 

Eryihriiic  Acid,  C3H^(0H)C00H,  is  formed  by  the  oxidation  of  eryth- 
rol  with  nitric  acid  or  platinum  black. 
^/   Tartaric   Acid,  COOH.CHOH.CHOH.COOH   (Acidum  Tartaricum, 
'''V.' U.S.P.).  is  sometimes  known  also  as  dioxy^^r^liccinic  or  oxy-malic  acid. 
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in  order  to  indicate  its  relation  to  these  well-known  acids.  Tartaric 
acid  exists  in  four  physically  isomeric  innHifirationcj^  ^^x^ro^tartanc, 
laevo-tartaric,  racemicor  inactive  tartaric,  andmeso-tartaric.  The  rirst 
ol  tnese  is  tne  naturally  occurffng  variety.  It  occtirsTySrfly  free  and 
partly  as  potassium  or  lime-saU  in  the  ^uice  of  \\\e  grape  and  other  fruits. 
"•^Phe^cia  potassium  tartrate  which  is  found  in  the  grape  juice  becomes 


insoluble  as  fermentation  proceeds,  and  the  liquid  becomes  alcoholic, 
and  separates  as  **arg;ols"  in  the  wine-casks.  This  is  purified  by  con- 
version into  the  lime-salt  from  which  the  flpiHJg  1ih^ffl|.fiH  with  HySO.. 

acid  forms  colorless,  monoclinic  pnsms  or  white  powder,  with 

an  acia  taste,  an3*peiThanent  in  the  air.  It  is  soluble  in  water  and  alcohol, 
difficultly  soluble  in  ether,  nearly  insoluble  in  chloroform,  benzene,  or 
benzine.  Melting  point  135°.  It  reduces  an  ammoniacal  silver  solution 
upon  warming.  When  strongly  heated,  carbonizes  and  gives  ott  a  char- 
acteristic "caramel"  odor.    The  most  important  tartrates  are: 

Neutral  Potassium  Tartrate,  KgC^H^O^  +  iHfi,  which  forms  mono- 
clinic  prisms  easily  soluble  in  water. 

Acid  Potassium  Tartrate,  KHC^H.O«,  or  Potassii  Bitartras,  U.S. P. 
— This  compound,  known  also  as  "  cream  of  tartar,"  forms  small  rhombic 
crystals,  odorless,  and  having  a  pleasant  acidulous  taste,  sparingly 
soluble  in  cold  water  and  in  alcohol.  This  is  the  most  important  techni- 
cal salt  of  tartaric  acid  and  is  manufactured  on  a  large  scale  for  use  in 
baking  powders  as  well  as  in  medicine.  The  amount  of  **  cream  of  tar- 
tar" manufactured  in  the  United  States  in  1904  was  11,553,600  lbs., 
valued  at  $2,263,872. 

Potassii  et  Sodii  Tartras,  U.S.P..  KNaC,H,0,  f  4H2O.— This 
compound,  known  also  as  Rochelle  or  Seignette  salt,  forms  large  color- 
less, rhombic  prisms,  odorless,  and  with  a  cool,  saline  taste.  The  crystals 
effloresce  slightly  in  dry  air.  Soluble  in  water,  almost  insoluble  in 
alcohol. 

Antimonii  ct  Potassii  Tartras,  U.S.P^^K^^St^O^C.H.O,,  +  Hfi.— 
This  cdnipOTrnd," known"  also  as  *' tartar  emetic,"  forms  colorTess,  trans- 
parent crystals,  becoming  opaque  and  whife^on  exposure  to  the  air. 
Soluble  in  water,  but  insoluble  in  alcohol.  It  is  poisonous  and  acts  as  an 
emetic,  and  is  used  as  a  mordant  in  dyeing. 

Ferri  et  Ammonii  Tartras,  U.S. P.,  and  Ferri  et  Potassii  Tartras, 
U.S. P.,  are  uricrystallizable  double  salts,  which  are  obtained  as  syrupy 
solutions  and  dried  in  films,  which  are  then  broken  up,  and  constitute 
what  are  cal  ed  "scale  preparations." 

The  LcBVO-tartaric  Acid  is  like  the  dextro-tartaric  in  its  chemical  prop- 
erties, but  is  the  opposite  in  its  behavior  towards  polarized  light.  When 
equal  quantities  of  both  acids  are  mixed  together  in  aqueous  solution, 
the  solution  becomes  warm,  and  we  obtain 

Racemic  Acid,  C^HgOg  +  H^O. — Racemic  acid  is  found  sometimes  in 
grape  juice,  and  in  the  mother  liquor  from  the  crystallization  of  tartar. 
Its  crystals  are  rhombic,  efflorescent,  and  less  soluble  than  those  of 
dextro-tartaric  acid.     It  is  optically  inactive.     Its  salts  are  called  race- 
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mates.  When  the  sodium-ammonium  salt  is  crystallized  from  solution, 
the  crystals  obtained  show  hemihedral  faces  (t.^.,  only  one-half  the  faces 
of  the  normal  figure  are  developed).  Pasteur  first  observed  that  these 
crystals  differed,  part  being  dextro-hemihedral,  and  part  being  laevo-hemi- 
hedral,  and  that  the  laevo-hemihedral  crystals  were  dextro-rotatory  in 
solution,  and  vice  versa.  If,  then,  the  two  kinds  of  crystals  are  separated 
from  each  other  mechanically,  and  the  free  acid  liberated  from  each, 
it  is  found  that  we  have  no  racemic  acid  remaining ;  but  in  the  one  case 
have  dextro-tartaric,  and  in  the  other  case  laevo-tartaric  acid. 

If  to  a  solution  of  ammonium  racemate  be  added  the  ferment  Peni- 
cillium  glaucuffiy  the  dextro-tartaric  acid  is  decomposed  faster  than  the 
laevo-tartaric,  and  the  latter  may  thus  be  obtained. 

Meso-tartaric  Acid  is  also  an  inactive  variety,  but  is  not  decomposable 
like  racemic  acid  into  active  modifications.  It  is  produced  along  with 
racemic  acid  in  different  reactions.  Forms  efflorescent  plates,  fusing  at 
146°. 

.  Citric  Acid,  C3H,(OH)(COOH)3  (Acidum  Citricum,  U.S.P.).— This 
important  acid  occurs  in  the  free  state  in  lemons,  oranges,  etc.,  and, 
mixed  with  malic  acid,  in  gooseberries,  currants,  and  mulberries,  and, 
as  calcium  salt,  in  wood,  potatoes,  beet-root,  etc.  Is  prepared  generally 
from  lemon  juice,  which  contains  6  to  7  per  cent,  of  the  acid.  The  acid 
is  separated  in  the  form  of  the  difficultly  soluble  lime-salt ;  this  is  decom- 
posed by  sulphuric  acid,  and  the  acid  solution  concentrated  in  vacuo  to 
the  point  of  crystallization.  A  new  source  of  citric  acid  manufacture  has 
been  recently  announced,  which  may  prove  to  be  more  economical  than 
the  extraction  from  lemon  juice.  Dr.  Carl  Wehmer  has  discovered  that 
sugar  solutions  exposed  to  the  action  of  certain  mould  fungi  {Citro-  ^_ 
myces  pfefferianus  and  C.  glober) ,  the  spores  of  which  are  present  in  the  ^  i^ 
atmosphere,  become  transformed  into  citric  acid.  It  is  claimed  that  11  f5 
kilograms  of  sugar  treated  in  this  way  have  yielded  6  kilograms  of 
crystallized  citric  acid.  The  acid  crystallizes  with  one  molecule  of  water 
in  colorless,  rhombic  prisms,  which  are  odorless,  and  have  an  agreeable 
acid  taste ;  effloresce  in  warm  air,  and  deliquesce  when  exposed  to  moist 
air.  Is  soluble  in  water  and  alcohol,  slightly  soluble  in  ether.  When 
heated  to  135°  it  loses  all  of  its  water  of  crystallization,  melts  at  153*^, 
and  breaks  up  at  a  higher  temperature  into  aconitic  acid  and  water,  and 
then  into  itaconic  acid  and  CO^. 

The  official  metallic  citrates  are: 
^^^Potaasil.Citras,  U.S.P. ,  KjCgH^O^  +  HjO.— ^Forms  colorless  crys- 
tals or  white  granular  powder,  odorless,  and  with  a  cooling,  saHne  taste. 

Sodii  Citras,  U.S.P.,  2Na3CgH^07  +  iiHgO.  Forms  a  white  granular 
powder,  odorless,  and  having  a  cooling,  saline  taste.  It  slowly  effloresces 
on  exposure  to  dry  air. 

Lithii  Citras,  U.S.P.,  LijCgH^O^. — Forms  a  white  powder,  odorless. 
;irit!r''acooti!tg,  faintly  alkaline  taste,  deliquescent  on  exposure  to  air. 

Bismuthi  Citras,  U.S.P.,  BiCgH^O^. — Forms  a  white  amorphous  or 
faintly  crystalline  powder,  odorless,  tasteless,  and  permanent  in  air. 
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Besides  these  crystalline  salts,  we  have  as  evaporated  syrups  or  "scale 
preparations:"  Bismuthi  et  Ammonii  Citras,  U.S. P.,  Ferri  Citras, 
U.S. P.,  and  Ferri  et  Ammonii  Citras,  U.S. P.  The  magnesium  citrate 
is  also  official  ^inLig[uoxJ4agnesU.C.^^^^^^  U.S. P. 

The  monobasic  pentatomic  acids,  arabonic,  xylonic,  rhamnonic,  and 
saccharinic  acids,  are  obtained  by  the  oxidation  of  the  corresponding 
pentose  sugars.    They  possess  only  a  theoretical  interest. 

Oxycitric  Acid,  C3H3(OH)2(COOH)3,  is  found  in  beet  and  turnip  juice, 
and  has  been  prepared  artificially  from  aconitic  acid. 

The  monobasic  and  dibasic  hexatomic  acids  are  obtainable  both  from 
the  hexatomic  alcohols  mannitol  and  dulcitol  and  from  the  sugars  related 
to  them.  The  dibasic  acids  especially  are  produced  from  a  variety  of 
sources  among  the  class  of  carbohydrates. 

Saccharic  Acid,  (CHOH)^(COOH)o,  is  produced  by  the  oxidation  of 
cane-sugar,  dextrose,  niahiiitol,  or  starch  by  nitric  acid.  Brittle,  very 
hygroscopic  mass,  easily  soluble  in  water.  The  ammoniimi  salt  of 
saccharic  acid  is  decomposed  at  i6o®  into  pyrrol,  ammonia,  and  carbon 
dioxide:  CgH.CNHJjO,  =  C,H,N  +  2CO2  +  NH3  +  4H2O. 

Mticic  Acid,  (CH0H)^.(C00H)2,  is  obtained  by  the  oxidation  of  milk- 
sugar,  gums,  and  mucilages  by  nitric  acid.  White  crystals,  fusing  at 
213°,  difficultly  soluble  in  water.  The  ammonium  salt  decomposes  like 
the  corresponding  salt  of  saccharic  acid  into  pyrrol,  carbon  dioxide, 
and  ammonia. 

7.  Aldehydic  and  Ketonic  Acids. — Mention  was  made  under  the 
oxidation  products  of  diatomic  alcohols  of  alcohol  acids.  It  is  obvious 
that  another  intermediate  class  may  be  aldehyde  acids,  and  where  sec- 
ondary alcohol  groups  exist,  combined  in  the  same  molecule  with 
primary  alcoholic  groups,  we  may  obtain  ketonic  acids,  or  acids  in 
which  we  have  both  the  ketone  group,  CO,  and  the  carboxyl  group, 
COOH. 

Glyoxalic  Acid,  CHO.COOH,  is  an  aldehyde  acid  found  in  unripe 
fruits,  such  as  grapes,  gooseberries,  etc.  It  crystallizes  in  prisms,  easily 
soluble  in  water. 

Glycuronic  Acid,  COH.(CHOH),.COOH,  is  an  aldehydic  acid  obtained 
by  the  reduction  of  saccharic  acid.  It  also  possesses  interest  as  being 
found  in  the  urine  as  a  decomposition  product  after  taking  internally  such 
substances  as  camphor,  phenol,  phenetol,  '^-  and  <^-naphthol. 

Pyroracemic  Acid,  CH.,. CO. COOH  (aceto-formic  acid),  is  a  ketone  acid 
resulting  from  the  dry  distillation  of  tartaric,  racemic,  and  glyceric  acids. 
It  is  a  colorless  liquid,  soluble  in  water,  alcohol,  and  ether,  boiling  with 
slight  decomposition  at  165°-!  70°,  and  smelling  of  acetic  acid  and 
extract  of  beef. 

AcetO'Acetic  Acid,  CH.J.CO.CHXOOH,  is  a  strongly  acid  liquid  miscible 
with  water,  and  breaking  up  upon  warming  into  acetone  and  carbon 
dioxide.  Its  ethyl  ester  is  obtained  in  the  form  of  its  sodium  compound 
by  the  action  of  sodium  upon  ethyl  acetate,  and  from  the  ester  the  free 
acid  is  obtained  by  saponification. 
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Levulinic  Acid,  CHj.CO.CHj.CHgCOOH  (aceto-propionic  acid),  results 
from  the  action  of  acids  upon  cane-sugar,  laevulose,  cellulose,  gum,  starch, 
and  other  carbohydrates.  A  condensation  product  of  levulinic  acid  with 
phenyl-hydrazine  is  known  in  medicine  under  the  name  of  *'  antithermin." 

VII.    Esters,  or  Ethereal  Salts. 

These  are  bodies  formed  by  the  replacement  of  the  hydrogen  of  an 
acid,  whether  inorganic  or  organic,  by  an  alcohol  radical  as  base.  They 
are,  as  stated,  ethereal  salts,  and  may  include  acid,  neutral,  and  basic 
salts,  or  esters,  as  more  generally  termed. 

I.  Esters  of  Inorganic  Acids. — The  esters  of  the  haloid  acids  have 
already  been  described  as  the  halogen  derivatives  of  the  hydrocarbons. 

The  esters  of  nitrous  acid  are  obtained  by  passing  nitrous  fumes  into 
the  alcohols,  or  by  the  action  of  copper  and  nitric  acid  upon  the  same. 
They  are  liquids  of  aromatic  odor,  and  very  low  boiling  points,  and  are 
easily  saponifiable.  Nascent  hydrogen  reconverts  them  into  alcohol, 
ammonia  being  formed  at  the  same  time. 

Methyl  Nitrite,  CH3ONO,  is  gaseous  at  ordinary  temperatures. 
^thyl  Nitrite,  C^H.^O.NO^  is  a  mobile  liquid  of  penetrating  ethereal 
oJoranrf  peculiar  "stinging  taste.  Boils  at  18°,  and  bums  with  a  bright 
white  flame.  Its  alcoholic  solution  is  the  Spiritus  ^theris  Nitrosi, 
U.S. P.,  known  also  as  **  sweet  spirit  of  nitre.**  This  is  stated  by  the  U.S. 
Pharmacopoeia  to  be  **  an  alcoholic  solution  of  ethyl  nitrite  yielding,  when 
freshly  prepared,  not  less  than  4  per  cent,  of  ethyl  nitrite.**  The  official 
spirit  is  22  times  the  weight  of  ethyl  nitrite  contained.  It  is  now  made  by 
the  action  of  sulphuric  acid  upon  a  mixture  of  sodium  nitrite  and  alcohol. 
_  Amyl  Nitrite,  C^H^O.NO  (Amyl  Nitris,  U.S. P.),  is  a  liquid  contain- 
ing about  ^o  per  cent,  of  amyl  (chiefly  iso-amyl)  nitrite.  Forms  a 
clear,  yellow  or  pale  yellow  liquid,  of  peculiar,  ethereal,  fruity  odor,  and 
pungent,  aromatic  taste.  Almost  insoluble  in  water,  soluble  in  alcohol 
and  ether.  Sp.  gr.  0.865-0.875  at  25°  C.  Boils  at  96^  to  99^  C,  yielding 
an  orange-colored  vapor.  It  is  used  in  medicine,  producing  expansion 
of  the  blood-vessels  and  relaxation  of  the  contractile  muscles. 

Isomeric  with  the  nitrites  of  the  alcoholic  radicals  are  the  nitro-deriva- 
tives  of  the  hydrocarbons,  which  are  formed  by  the  action  of  metallic 
nitrites  upon  the  halogen  derivatives  of  the  hydrocarbons.  Thus,  nitro- 
ethane,  C2H5.NO2,  is  isomeric  with  ethyl  nitrite,  CgH^O.NO. 

The  esters  of  nitric  acid  are  obtained  by  the  action  of  nitric  acid  upon 
the  alcohols.  However,  as  nitric  acid  tends  to  have  an  oxidizing  action 
upon  the  alcohols,  whereby  nitrous  acid  is  formed  and  in  consequence 
the  nitrous  esters,  urea  is  added,  which  decomposes  the  nitrous  acid  as 
formed  a»d  nitric  esters  are  the  sole  product. 

Methyl  Nitrate,  CH3.NO3,  is  a  colorless  liquid,  boiling  at  66°.  Its  vapor 
heated  above  the  boiling  point  decomposes  with  explosive  violence. 

^Jhyl  Nitrate,  CgH^j.NO^,  is  a  mobile  liqtiid  of  agreeable  odor  and 
sweet  taste,  but  with  bitter  after-taste.  It  bums  with  a  white  flame. 
Boiling  point  86°.    Its  vapor  is  also  explosive  when  heated. 

35 
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Glycollic  Dinitrate,  C^^(^0^^,  is  prepared  by  acting  on  glycol  with 
sulphuric  and  nitric  acids.  It  is  a  yellowish  liquid,  insoluble  in  water, 
which  is  saponified  by  alkalies,  and  explodes  on  being  heated. 
^Jjlyceryl  Trinitrate ,^  CjH^CNOj)^. — ^This  important  compound,  com- 
monly known  as  "nitroglycerin,"  is  formed  by  the  action  of  a  cold  mix- 
ture of  concentrated  nitric  and  sulphuric  acids  upon  glycerol.  It  is  a 
colorless  or  slightly  yellowish  oil,  insoluble,  in  water,  soluble  in  alcohol 
and  ether.  It  has  a  sweet,  burning,  aromatic  taste,  and  is  poisonous. 
It  crystallizes  at  — 20^  in  needles.  It  bums  without  explosion  when  in  a 
thin  film,  but  when  quickly  heated  or  struck  explodes  with  terrible  vio- 
lence. When  mixed  with  infusorial  earth  in  the  proportion  of  3  parts  to 
I,  it  forms  dynamite,  which  is  not  affected  so  readily  by  simple  percus- 
sion, but  is  exploded  by  fulminate  of  mercury  with  great  force.  Nitro- 
glycerin is  saponified  by  alkalies  and  by  sulphide  of  ammonium. 

A  one-per-cent.  alcoholic  solution  of  nitroglycerin  constitutes  the 
Spiritus  Glycerylis  Nitratis,  U.S. P. 

_^^Mitro-eryihrite,  C^HgCNO^)^,  and  Nitro-mannite,  CgHgCNOa)^,  are  sim- 
ilar esters  of  nitric  acid,  and  are  like*  nitroglycerin' in  explosive  charac- 
ter, although  less  violent. 

The  esters  of  sulphuric  acid  are  formed  by  the  action  of  sulphuric  acid 
upon  the  alcohols.  As  sulphuric  acid  is  dibasic,  two  series  of  esters  are 
possible,  just  as  acid  and  neutral  sulphates  of  inorganic  bases  are  formed. 
_j4cid-jEiijt!/_5w/^&a^_(or  Ethyl-sulphuric  Acid),  CgH^HSO^,  is  obtained 
on  mixing  eqiial  parts  of  absolute  alcohol  and  concentrated  sulphuric 
^"actdr'  Tfie  free  acidT^s  a  syrup  easily  soluble  in  water.  Under  the  old 
name  of  "  sulpho-vinic  acid,"  it  has  long  been  known  as  the  intermediate 
product  in  the  ''continuous  ether  process"  (see  p.  520).  Its  salts,  for- 
merly called  "sulphovinatcs,"  crystallize  well.  They  are,  of  course, 
double  sulphates  of  ethyl  and  metallic  base. 

.^  Neutral  Ethyl  Sulphate,  (C2H,,)oS0^,  is  a  colorless,  oily  liquid,  insolu- 
ble in  water,  of  a  pleasant  peppermint  odor.  It  boils  at  208°.  The  cor- 
responding esters  of  sulphurous  acid  are  known,  but  are  prepared  with 
more  difficulty,  as  the  isomeric  sulphonic  acid  derivatives  (see  p.  523) 
tend  to  form  by  the  reaction  with  metallic  sulphites. 

The  esters  of  phosphoric,  silicic,  and  carbonic  acids  are  also  known. 
The  last  of  these  will  be  referred  to  later.     (See  Carbonyl  Derivatives.) 

2,  Esters  of  Organic  Acids. — These  form  in  some  cases  by  the 
direct  action  of  the  acids  upon  the  alcohols,  but  more  generally  it  is 
necessary  to  provide  for  taking  up  the  water  which  forms  in  the  reac- 
tion. This  is  done  by  the  addition  of  sulphuric  acid  as  dehydrating  agent 
to  the  mixture  of  alcohol  and  organic  acid,  or  still  more  readily  by  pass- 
ing dry  HCl  gas  into  a  mixture  of  the  alcohol  and  acid.  This  probably  acts 
by  first  forming  an  acid  chloride  with  the  radical  of  the  organic  acid,  and 
this  then  reacts  with  the  alcohol. 

The  esters  of  the  lower  members  of  the  fatty  acid  series  are  for  the 
most  part  colorless,  neutral  liquids,  which  volatilize  without  decomposi- 
tion,   As  a  rule  they  are  insoluble  in  water,  but  soluble  in  alcohol  and 
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ether.  The  esters  of  the  higher  acids  are  solids,  and  play  an  important 
part  in  nature  as  the  natural  fats  and  waxes. 

The  esters  are,  without  exception,  saponifiable;  that  is,  under  the 
influence  of  water  or  alkalies  and  acids  they  break  up  into  the  free  alco- 
hol and  acid,  or  alkaline  salt  of  the  acid,  in  case  alkalies  are  used  for  the 
saponification. 

Ethyl  Formate,  HCO.OCjH^. — Boils  at  55®.  Is  employed  in  the  manu- 
facture of  artificial  rum  or  arrack,  as  well  as  in  peach  essence  and  other 
fruit  essences. 

EthyL,Af£lat<^  -CfH^O >QC^H ^ .  Present  to  the  extent  of  about  90  per 
cent,  in  .-Ether  Acetiais,  U.S. P.  Boils  at  77.5°;  is  a  transparent, 
colorless  liquid  of  fragrant  and  refreshing  odor  and  a  peculiar  acetous  and 
burning  taste;  is  moderately  soluble  in  water,  easily  soluble  in  all  pro- 
portions in  alcohol,  ether,  fixed  and  volatile  oils.  It  is  inflammable, 
burning  with  a  yellowish  flame  and  acetous  odor.  Besides  being  used 
internally  in  medicine,  it  is  largely  used  in  admixture  in  fruit  essences 
and  as  a  solvent. 

Amyl  Acetate,  CjHjO.OC^H,,. — Boiling  point  138®.  This  ester  has  a 
characteristic  fragrant  odor  of  pears,  and  hence  is  the  basis  of  the  artificial 
pear  essence.  It  is  also  used  largely  as  an  ingredient  in  the  manufacture  of 
pyroxylin  varnishes,  owing  to  its  solvent  power. 

Octyl  Acetate,  C^Hfi.OC^H^j. — Boiling  point  210°.  Forms  the  chief 
constituent  of  the  oil  from  the  fruit  of  Heracleum  spondylium. 

Ethyl  Butyrate,  CJH^JDCgH^. — Boiling  point  120.9®;  possesses  the 
characteristic  636r'ofpineapples,  and  hence  is  used  in  that  fruit  essence. 

Iso-amyl  Butyrate,  C^H-O.OCgH,!. — Boiling  point  178.6°.  Is  also 
used  in  the  manufacture  of  banana  essence. 

Ethyl  Iso-valerate,  C^HgO.OCjH^. — Boiling  point  134.3°.  Is  a  con- 
stituent of  melon  and  peach  oils. 

Iso-amyl  Iso-valerate,  CjHj^O.OC^Hjj. — Boiling  point  196°.  Is  the 
chief  constituent  of  apple  essence. 

Iso-amyl  Caprinate,  Cj.jHjgO.OG^^H,,. — Boiling  point  275°,  with  par- 
tial decomposition.  This  is  the  chief  constituent  of  wine  fusel  oil,  and 
under  the  misapplied  name  of  "cenanthic  ether,"  gives  the  bouquet  to 
wine. 

---Xfd!^_J^^w«/ja^^^  — Fusing  point   53.5°.       This  ester 

forms  the  chief  constituent  of  spermaceti  (Cetaceum,  U.S. P.),  a  pecu- 
liar, fatty  solid  obtained  from  the  head  of  the  sperm  whale  (Physeter 
macrocephalus) .  This  solid  ester  is  held  dissolved  in  the  sperm  oil  during 
the  life  of  the  animal,  and  after  death,  with  the  disappearance  of  the 
animal  heat,  it  crystallizes  out.  It  forms  a  white,  somewhat  translucent, 
slightly  unctuous  mass,  of  a  scaly,  crystalline  fracture  and  pearly  lustre; 
odorless,  and  with  a  bland,  mild  taste.  Sp.  gr.  .938  to  .944  at  25°  C.  It 
is  insoluble  in  water,  and  nearly  so  in  cold  alcohol;  soluble  in  boiling 
alcohol,  also  in  ether,  chloroform,  carbon  disulphide,  fixed  and  volatile  oils. 

Ceryl  Palmitate,  CjgH^O.OC^-H^. — Fusing  point  79°.  Is  the  chief 
constituent  of  opium  wax. 
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Myricyl  Palmitate,  CigHj^O.OCj^Hgi. — Fusing  point  72®.     Is  the  part 


of  beeswax  insbrubTe  in  alcohol,  the  soluble  part  consisting  largely  of 
cerotic  acid  (seep.  534).  Beeswax  (Cera  Flava,  U.S. P.)  is  an  animal 
product,  being  the  material  of  the  cell  walls  of  the  combs  of  the  Apis 
mellifica,  or  honey  bee.  It  is  a  yellowish  to  brownish-yellow  solid,  hav- 
ing an  agreeable,  honey-like  odor,  and  a  faint,  balsamic  taste.  Sp.  gr. 
0.951  to  0.960  at  25°;  melting  point  62^-64°.  It  is  insoluble  in  water, 
sparingly  soluble  in  cold  alcohol,  but  almost  completely  soluble  in  boil- 
ing alcohol.  It  is  completely  soluble  in  ether,  chloroform,  and  fixed 
and  volatile  oils. 

Beeswax  is  bleached  white  to  adapt  it  for  use  in  candle-making  and 
other  purposes.  This  is  accomplished  either  by  the  action  of  light  and 
air  (air-bleached  wax),  or  by  the  use  of  oxidizing  agents,  such  as  potas- 
sium dichromate,  potassium  permanganate,  and  hydrogen  dioxide 
(chemically-bleached  wax).  The  product  is  a  yellowish-white  solid 
(Cera  Alba,  U.S. P.),  which  is  slightly  more  crystalline  than  the  yellow 
wax,  and  contains  rather  more  free  acid. 

.^Ceryl  Cerotate,   C27H5.,O.OC27H^^. — Fusing  point  82®.     Forms  the  chief 
ingredient  of  Chinese  insect  wax.    It  is  also  found  in  opium  wax. 
^^J^ricyl  Cerotaie,  C.yjH^p .OC^H^^^,  is  found  in  camauba  wax. 

Probably  the  most  important  of  the  esters  of  organic  acids,  however, 
are  the  compounds  of  the  triatomic  alcohol  glycerol.  The  esters  of  this 
alcohol  with  the  members  of  the  fatty  acid  series  make  up  the  bulk 
of  the  vegetable  and  animal  fats  and  fatty  oils.  While  glycerol 
as  a  triacid  base  can  form  esters  containing  one,  two,  or  three  molecules 
of  fatty  acid,  we  find  that  the  naturally  occurring  compounds  are  exclu- 
sively neutral  esters, — that  is,  contain  three  molecules  of  a  monobasic 
acid  in  combination  with  the  base.  The  mono-acid  and  di-acid  com- 
pounds can  be  formed  artificially,  however,  in  many  cases. 

The  most  important  of  the  glycerol  esters  are: 

Monojormin,  C,H,(0H)20CH0,  and  Diformin,  C3H,(OH)(OCHO)„ 
have  been  obtained  artificially ;  the  former  by  heating  glycertDl  with 
oxalic  acid  to  190°,  and  the  latter  as  a  side-product  in  the  manufacture 
of  formic  acid  by  the  action  of  oxalic  acid  on  glycerol  at  140°. 

Monoiuetiu,  C,H,(0H),0C2H,0,  and  Diacetin,  C3H,(0H)(0C.,H.,0)j, 
arc  both  oljtained  by  the  prolonged  action  of  glacial  acetic  acid  upon 
glycerol  under  pressure.  They  are  liquids  of  high  boiling  point.  Tri- 
acetin,  C.jH.(OC^H.jO).{,  is  found  naturally  in  certain  fats,  as  in  the  oils 
from  the  seeds  of  Euonymus  europcous.  Is  also  made  artificially  by  the 
action  of  glacial  acetic  acid  upon  glycerol  in  the  presence  of  anhydrous 
sodium    acetate. 

Tn'hutyrin,  C^H./OC, 11-0)3,  can  be  made  from  glycerol  and  normal 
butyric  acid.  Is  found  naturally  in  milk  fat,  and  hence  in  butter,  to 
which  it  j^ives  an  agreeable  taste  and  odor.  Mass  of  buttery  consistence, 
boiling  at  285°.  Decomposes  spontaneously  in  presence  of  air  and 
moisture  into  butyric  acid  and  glycerol. 

Tri-isovalerin,  C^H^COCr^HgO)^,  is  found  in  dolphin  oil. 
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TricapTonin,  CjHa(0CgH„0)3. — The  glyceride  of  isobutylacetic  acid, 
CgHjjOjj,  is  found  in  cow's  butter,  goat's  milk,  and  in  cocoanut  oil. 

Tricaprylin,  C3H5(OCgHi50)3. — The  glyceride  of  the  normal  caprylic 
acid  is  also  found  in  cow's  butter,  goat's  milk,  and  in  cocoanut  oil. 

Tricaprin,  C3H5(0C,qHij,0)3. — The  glyceride  of  this  acid  is  found 
in  goat's  milk  and  in  cocoanut  oil. 

Trilaurin,  C3H5(OCi2HjjO)3,  forms  crystalline  needles,  melting  at 
45®.  This  glyceride  forms  the  chief  constituent  of  cocoanut  oil,  and  is 
found  also  in  palm-nut  oil  and  bayberry  oil. 

Tritnyristifty  C3H5(OC,4H270)3,  forms  crystalline  plates,  melting  at 
55®.  Is  found  in  nutmeg  butter,  in  palm-nut  oil,  cocoanut  oil,  goose  fat, 
and  cow's  butter. 

Tripalmitin,  C3H5(OC,(jH3iO)3,  forms  indistinct  crystals,  fusing  at 
62®.  Insoluble  in  water  and  alcohol,  easily  soluble  in  ether.  This 
glyceride  is  one  of  the  most  abundant  of  the  constituents  of  the  natural 
fats,  being  found  in  most  liqtiid  fats  and  oils.  Obtained  from  palm  oil  or 
butter,  from  Chinese  vegetable  wax  by  first  pressing  out  and  then  treat- 
ing repeatedly  with  hot  alcohol,  whereby  free  palmitic  or  oleic  acids  go 
into  solution.  The  residue  is  then  crystallized  out  of  ether. 
^^W5l£arm^3H5(OCigH350)3,  occurs  in  most  of  the  solid  fats  and  in  a 
large  number  of  the  liquid  fats  associated  with  palmitin  and  olein.  It  is 
difficult  to  obtain  the  tristearin  perfectly  free  from  tripalmitin,  even  after 
repeated  crystallizations,  but  it  has  been  claimed  that  it  can  be  obtained 
perfectly  free  from  the  seeds  of  Brindonia  indica.  Fuses  at  first  at  55®, 
but  after  repeated  melting  shows  a  permanent  melting  point  of  71.5°. 

Triarachin,  C^il^(C^il^O)j^. — This  glyceride  is  found  in  earth-nut  oil 
as  well  as  in  cocoanut  oil,  and  the  fat  from  the  seeds  of  Nephelium 
lappaceum, 

Tribenin,  C3H5(OC22H430)3. — A  glyceride  found  with  olein  in  oil  of 
ben  from  Moringa  oleifera. 

TrihypogcBfn,  C3H5(OCigH290)3. — This  glyceride  occurs  along  with 
triaracbin  and  triolein  in  earth-nut  oil. 

Triolein^  C3H5(OCigH330)3,  occurs  abundantly  in  nature  in  the  non- 
drying  fatty  oils,  as  olive  and  almond  oils.  May  be  obtained  approxi- 
mately pure  by  agitating  olive  or  almond  oil  with  a  cold  concentrated 
aqueous  solution  of  caustic  soda,  which  saponifies  the  palmitin  and 
leaves  the  most  of  the  olein  unchanged.  Is  liquid  at  ordinary  tempera- 
tures, but  solidifies  below  o®,  and  can  be  distilled  in  a  vacutmi.  Only 
•lightly  soluble  in  alcohol,  easily  soluble  in  ether.  By  treatment  with 
nitrous  acid  it  is  converted  into  solid  white  elaidin,  a  polymeric  compound. 

Tridoeglin,  C^^{OQ^^VL^O)y — The  glyceride  of  doeglic  acid  forms  the 
chief  constituent  of  the  oil  of  the  doegling,  or  bottle-nose  whale. 

Trierucin,  C3H5(OC22H4iO)3. — This  glyceride  occurs  in  the  oil  of  the 
white  and  the  black  mustard-seed,  in  rape  oil  and  grape-seed  oil.  Ni- 
trous acid  converts  it  into  the  isomeric  tribrassidin. 

Trilinolein,  C3H5(OCigH3,0)3. — ^This  glyceride  is  the  characteristic 
constituent  of  the  drying  oils,  such  as  linseed  oil,  poppy-seed  oil,  sun- 
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flower  oil,  and  hempseed  oil.  It  does  not  yield  a  solid  product  with 
nitrous  acid,  but  is  characterized  by  the  readiness  with  which  it  absorbs 
oxygen  and  thickens  with  the  formation  of  resinous  products. 

Triricuwlein,  C^rXOC^fi^^)^ — ^^^^s  glyceride  is  the  peculiar  con- 
stituent of  castor  oil.  It  forms  a  solid  polymeric  product  known  as 
ricinelaidin  when  treated  with  nitrous  acid. 

The  vegetable  fats  seem  to  be  found  in  all  parts  of  the  plant,  but 
especially  in  the  seeds  and  fruit,  although  at  times  in  the  root  and  the 
leaves  also;  in  the  animal,  fats  are  present  in  all  the  tissues  and  organs, 
and  in  all  fluids  except  the  normal  urine.  The  fats  with  the  carbohy- 
drates and  the  albuminoids  form  the  three  great  classes  of  food  materials 
needed  for  the  animal  organism.  The  great  bulk  of  the  natural  fats  con- 
tain four  glycerol  esters,  trilaurin,  tripalmitin,  tristearin,  and  triolein. 
Of  these  the  first  three  are  solid  at  ordinary  temperatures,  while  the 
fourth  is  liquid.  The  consistency  of  a  fat,  therefore,  is  mainly  deter- 
mined by  the  proportion  of  these  several  ingredients,  the  solid  fats  con- 
taining larger  amounts  of  palmitin  and  stearin,  and  the  fatty  oils  being 
especially  rich  in  olein. 

All  the  fats  are  lighter  than  water;  they  cannot  be  distilled  under 
■     ordinary  pressure  without  decomposition,  acrolein  (see  p.  527)  being  a 
/     chief  product  of  the  decomposition.     While  most  of  them  in  a  pure  and 
/      fresh  condition  are  colorless  and  neutral  in  reaction,  by  prolonged  ex- 
posure to  the  air  they  undergo  change,  become  yellowish,  develop  a 
strong,  unpleasant  odor  and  an  acid  reaction.    They  become  **  rancid,*' 
that  is,  the  ester  decomposes  spontaneously,  and  the  free  fatty  acid  is 
recognizable.    Some  of    the  fatty  oils,  moreover,  on  exposure  to  the  air 
absorb  oxygen,  developing  so  much  heat  thereby  as  to  inflame  wool  and 
cotton  tissues  soaked  with  the  oil.    Such  oils  are  known  as  "drying  oils." 
They   become   thick   and   finally    dry   to   translucent   resinous   masses, 
which  makes  them  of  value  for  painting  and  varnish-making.     These 
drying  oils  owe  their  character  mainly  to  the  fact  that  they  are  glycerides 
of  linoleic  acid  (see  \).  535)  instead  of  oleic  acid.  -^ 

A  classification  of  the  fats,  the  fatty  oils,  and  the  waxes,  which  is 
based  partly  upon  physical  properties  and  partly  upon  chemical  differ- 
ences, is  that  of  A.  H.  Allen,  which  is  here  given: 

(a)  Olive  Oil  Group. — Vegetable  oleins.  Vegetable  non-drying  oils. 
Lighter  than  groups  b,  c,  and  d.  Yield  solid  elaidins  with  nitrous  acid. 
Includes  olive,  almond,  earth-nut,  and  ben  oils. 

{h)  Rape  Oil  Group. — Xon-drying  oils  from  the  crucijerce.  Yield  pasty 
elaidins  and  have  higher  iodine  and  saponification  equivalents  than 
group  a.     Includes  rape-seed,  colza,  and  mustard  oils. 

(c)  Cottonseed  Oil  Group. — Intermediate  between  drying  and  non-drying 
oils.  Undergo  more  or  less  drying  on  exposure.  Yield  little  or  no  elaidin. 
Includes  cotton-seed,  sesame,  sunflower,  hazel-nut,  and  beech-nut  oil. 

((/)  Linseed  Oil  Group. — Vegetable  drying  oils.  Yield  no  elaidin.  Of 
less  viscosity  than  the  non-drying  oils.  Includes  linseed,  hemp-seed, 
poppy-seed,  niger-seed,  and  walnut  oils. 
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(e)  Castor  Oil  Group, — Medicinal  oils.  Very  viscous  and  of  high  den- 
sity.   Includes  castor  and  croton  oils. 

(/)  Palm  Oil  Group. — Solid  vegetable  fats.  Do  not  contain  notable 
quantities  of  the  lower  fatty  acids.  Includes  palm  oil,  cacao  butter, 
nutmeg  butter,  and  shea  butter. 

(g)  Cocoanut  Oil  Group. — Solid  vegetable  fats,  in  part  waxlike.  Sev- 
eral contain  notable  proportions  of  the  glycerides  of  lower  fatty  acids. 
Includes  cocoanut  oil,  palm-nut  oil,  laurel  oil,  Japan  wax,  and  myrtle 
wax. 

(h)  Lard  Oil  Group. — Animal  oleins.  Do  not  dry  notably  on  exposure, 
^d  giv^^olid  elaidms  with  nitrous  acid.  Includes  neat's-foot  oil,  bone 
oil,  lard  oil,  and  tallow  oil. 

(i)  Tallow  Group. — Solid  animal  fats,  predominantly  glycerides  of 
palmitic  and  stearic  acids,  although  butter  contains  lower  glycerides. 
Includes  tallow,  lard,  bone  fat,  wool  fat,  butter  fat,  oleomargarine,  and 
manufactured  stearin. 

(j)  Whale  Oil  Group. — Marine  animal  oils.  Characterized  by  offensive 
odor  and  reddish-brown  color  when  treated  with  caustic  soda.  Includes 
whale,  porpoise,  seal,  menhaden,  cod-liver,  and  shark-liver  oils. 

(k)  Sperm  Oil  Group r==^iqui6^' waxes.  Are  not  glycerides,  but  esters 
of  monatomic  alcohols.  Yield  solid  elaidins.  Includes  sperm  oil,  bottle- 
nose  or  doegling  oil,  and  dolphin  oil. 

(/)  Spermaceti  Group. — Waxes  proper.  Are  compound  ethers  or 
esters  of  higher  monatomic  alcohols,  with  higher  fatty  acids  in  the  free 
state.     Includes  spermaceti,  beeswax,  Chinese  wax,  and  camauba  wax. 

The  composition  of  the  natural  fats  as  essentially  compounds  of  the 
fatty  acids  with  glycerol  was  first  definitely  ascertained  by  Chevreul 
in  1823,  and  with  this  knowledge  was  also  indicated  the  means  of  decom- 
posing them.  Chevreul  first  used  alkalies  for  that  purpose,  and  that 
method  is  still  applied  if  the  alkaline  salts  of  the  fatty  acids  (soaps)  are 
desired.  For  the  purpose  of  obtaining  the  fatty  acids  as  such,  or  the 
glycerol  other  methods  have  been  adopted. 

We  may  summarize  the  several  methods  employed  for  this  decom- 
position under  three  headings,  although  practically  there  are  additional 
methods  of  decomposition  in  use  which  involve  a  combination  of  sev- 
eral of  these  general  reactions. 

I  St.  The  decomposition  of  the  fats  by  the  action  of  alkalies.'  Thi& 
original  method  of  Chevreul  is  only  employed  when  the  manufacture  of 
a  soap  is  the  end  desired.  We  may  illustrate  it  by  the  example  of  the 
reaction  between  palmitin  and  an  alkali  such  as  would  take  place  in  the 
manufacture  of  a  palm-oil  soap. 


(  OCieHsiO  f  OH 

CsHsiOCieHsiO  -^      jHONa     =     CsHo-^  OH     4-     3CieH3iOONa. 

I  OCieHsiO  I  OH 

Tripalmitin.  Glycerol.                    Sodium  Palmitate. 


2d.  The  decomposition  of  the  fats  by  the  action  of  metallic  oxides  in 
the  presence  of  water.    Chevreul's  use  of  alkalies  was  replaced  already 
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in  1831  by  that  of  lime,  suggested  by  De  Milly,  and  the  use  of  lime  and 
water  under  pressure  constitutes  the  ** autoclave**  process  of  to-day. 
This  will  be  referred  to  and  illustrated  later  in  a  short  section  on  the  '*  In- 
dustries of  the  Fats.**  Pharmacists  make  use  of  a  reaction  of  this  kind  in 
the  manufacture  of  lead  plaster  (Emplastrum  Plumbi,  U.S. P.),  in  which 
the  olein  of  olive  oil  is  decomposed  by  litharge  in  the  presence  of  water: 

fOCisHaaO  fOH 

2C8H5  S  OCisHsaO  -j      3PbT)   -f    3HOH    =    2C8H5S  OH    -f-    3Pb(OCi8Ha80)a. 
I  OCisHaaO  I  OH 

Triolein.  Glycerol.  Lead  Oleate. 

3d.  The  decomposition  of  the  fats  by  the  action  of  steam  or  water 
under  pressure.  The  discovery  of  the  possibility  of  effecting  the  **  sapon- 
ification'* of  the  fats  by  water  alone,  made  in  1854  by  Tilghman,  has 
since  been  utilized  very  extensively  under  various  forms  of  procedxire. 
The  reaction  may  be  illustrated  by  the  decomposition  of  stearin: 

f  OCisHasO  f  OH 

CsHfi  j  OCisHssO  +     3HOH     =     CsHfijOH  +     aCiaHaeOa. 
I  OCisHasO                                              I  OH 
Stearin.                                                           Glycerol.  Stearic  Acid. 

The  decomposition  by  sulphuric  acid  with  after-distillation  of  the 
fatty  acids  is  nothing  more  than  a  saponification  by  water  in  the  presence 
of  the  acid,  although  with  certain  classes  of  fats  it  has  advantages  in 
increasing  the  yield  of  solid  fat  acids. 

The  decomposition  of  fats  by  enzymes  has  also  been  made  a  working 
method  quite  recently.  The  enzyme  contained  in  the  castor  oil  bean 
has  been  found  best  adapted  for  this.  An  emulsion  of  fat,  water,  10%  of 
ground  castor  oil  bean,  and  a  small  amount  of  free  acid  are  used,  when 
the  decomposition  proceeds  rapidly. 

INDUSTRIES   OF   THE   FATS. 

The  great  importance  of  many  of  the  vegetable  and  animal  fats  as  raw  materials 
of  large  industries  justifies  us  in  noticing  these  industries  in  outline,  and  giving  a 
short  account  of  the  practical  side  of  them. 

I.  Soap-making. — Soaps  are  most  generally  made  by  the  direct  saponification 
of  the  fat  with  alkali,  although  where  the  fatty  acids  have  been  obtained  in  the 
free  state  and  then  worked  as  described  later  for  the  extraction  of  the  solid  acids 
for  candle-making,  the  oleic  acid,  or  "red  oil,"  remaining  over  is  utilized  for 
soap-making.  Soaps  are  made  chiefly  from  tallow,  cotton-seed  oil,  cocoanut  oil. 
palm  oil,  and  olive  oil.  We  may  divide  the  soaps  first  into  the  hard  soaps,  in 
which  the  base  is  soda  or  a  mixture  of  soda  and  potash,  and  soft  soaps,  in  which 
the  base  is  potash.  In  the  manufacture  of  this  latter  class  the  drying  oils  are 
preferably  used,  as  in  the  official  Sapo  Mollis,  U.S. P. 

True  hard  soaps  are  manufactured  by  boiling  the  fats  in  open  vessels,  with  the 
aid  of  steam  heat,  with  alkaline  lyes  of  gradually  increasing  strength,  until  prod- 
ucts of  definite  character  are  obtained.  The  **  soap-copper "  is  an  iron  kettle, 
or  scries  of  kettles,  set  in  masonry  and  equipped  with  pipes  for  both  op)en  and 
closed  steam,  and  provided  with  an  outlet  for  the  discharge  of  the  waste  lyes  when 
required.  Strong  lyes  are  not  used  at  first  or  saponification  will  not  take  place. 
A  soda-lye  of  about  11°  B.,  equal  to  one-fourth  that  needed  for  complete  saponi- 
fication, is  first  run  in  with  the  melted  fat.  When  this  mixture  becomes  homoge- 
neous, lye  of  20°  to  2  5®  B.,  equal  in  amount  to  that  taken  before,  is  cautiously  added, 
and  boiling  is  kept  up  until  a  sample  taken  out  has  a  firm  consistence  between  the 
finders.    It  is  then  salted  with  a  brine  of  24®  B.,  and  the  contents  of  the  copper 
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allowed  to  stand  for  several  hours  at  rest.  Two  layers  will  then  have  formed, 
an  upper  layer  of  soap-paste  containing  water,  and  a  lower  one,  of  "spent-lye." 
containing  the  salt  and  the  glycerol  in  solution.  After  removing  this  spent-lye 
from  below,  the  rest  of  the  caustic  soda  for  saponification  is  run  m  and  the  soap 
boiled  up  again. 

If  a  "rosin  soap"  is  desired  the  rosin  is  added  at  this  stage,  otherwise  a  "curd 
soap"  is  the  product.  The  boiling  is  now  continued  until  the  frothing  subsides 
and  the  mixture  boils  clear.  The  contents  of  the  copper  are  then  boiled  with  open 
steam,  and  a  small  quantity  of  lye  of  ii°  B.  is  run  in  until  the  soap  separates  in 
flaJnes  and  feels  hard  when  cold.  Boiling  is  usually  continued  for  several  hours  to 
insure  complete  saponification,  and  it  is  then  allowed-to  separate  and  harden.  If 
it  is  transferred  to  the  coohng-frames  before  this  hardening  and  separation  is 
completed,  a  mottled  soap  may  be  obtained.  A  solution  of  ferrous  sulphate  added 
at  this  point  produces  a  peculiar  greenish  mottled  appearance,  becoming  red  on 
exposure  to  the  air,  characteristic  of  Marseilles  and  Castile  soaps.  In  smooth  or 
"cut  soaps"  water  or  thin  lye  is  added  to  the  contents  of  the  copper  before  the 
soap  separates  finally  to  form  the  curd,  and  is  taken  up,  giving  a  smooth  yet  firm 
surface  to  the  soap  instead  of  the  hard  granular  appearance  of  the  true  curd  soap. 

In  the  "cold  process"  soaps,  exact  weights  of  well-refined  fats  and  the  necessary 
caustic  soda  are  used  and  added  together  at  once.  After  short  standing,  they  are 
agitated  in  a  revolving  copper  provided  with  paddles,  at  a  temperature  of  not  over 


soap.  Filling  and  padding  materials' 
hela  in  the  soap.  A  small  quantity  of 
fat  facilitates  the  working  of  this  cold  p 
When  "red  oil"  or  oleic  acid  from  tn 
it  may  be  saponified  either  with  alkali 
former  is  preferred.     The  oleic  acid  may  also  be  changed  first  i 


s  acid,  and  a  very  fine  soap  is  then  obtained 

from  lo  to  IS  per  cent,  of  water,  smooth  or  cut 
5  ™r  cent.,  and  tilled  soaps  from  45  to  72  per  cent. 
md  impurities. 
J.  Stearic  Acid  Candle    Manufacture. — Where    the   solid    fatty   acids   are   de- 
nred  for  the  manufacture  of  candles,  the  fats  are  saponified  either  by  the  "auto- 


elaidic  acid  by  the 
resembling  a  tallow  soap. 
Compact  soaps  may  ci 
soaps  may  contain  from  :  „ 
of  water,  besides  the  glycerol 
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clave  process"  ot  Milty,  in  which  lime  and  hot  water,  under  a  pressure  of  8  to  la 
atmospheres,  are  made  to  decompose  the  fats,  or  they  are  decomposed  with  su- 

Brheated  steam,  either  with  or  without  the  addition  of  sulphuric  acid.  In  the 
rmer  process  the  lime  forms  a  lime  soap,  which  is  afterwards  decomposed  by 
sulphunc  acid,  and  the  free  fat  acids  are  thoroughly  washed  by  the  aid  of  steam. 
The  amount  ot  lime  taken  is  not  sufficient  to  completely  neutralize  the  fatty  acids, 
as  the  steam  decomposes  the  lime  soap  first  formed  and  allows  the  base  to  attack 
fresh  quantities  of  the  fat.  In  the  second  process,  that  of  superheated  steam, 
-"-      -roducts  are  obtained   quite   pure 


off.  and  the  ciikes  uf  crude  slearn 
tallize  at  a  somewhat  higher  ter 
now  leave  the  stearic  acid  sufficiei 
uffin  is  usually  added  to  lake  ai 
stearic  acid  somewhat  for  candle-makinR. 

3.   Oleomargarine    or   Artificial   Butter. — When 
lelting  and   renderinft. 


and  free  from  all  foreign  r 
carried  out  in  the  Wilson  and  Gwynne 
form  of  apparatus,  it  is  shown  in  Fig. 
13&.  The  fat  is  first  heated  in  a  by 
waste  heat  from  the  superheater  below, 
and  then  flows  into  the  retort  c,  which 
must  be  kept  at  from  190°  to  315°  C. 
and  for  this  purpose  is  covered  in.    The 

the  retort  by  the  side  tube;  after  some 
24  to  j6  hours  the  contents  of  the  retort 
are  distilled  off,  the  fatty  acids  condens- 
ing first,  and  the  watery  glycerol  passing 
on  to  the  farther  condensing  vessel.  In 
this  way  a  very  pure  commercial  glycerol 
is  obtained  as  well  as  pure  fatty  acids. 
If  the  temperature  much  exceed  3 1 5°  C 
acrolein  t9rms  from  the  decomposition 
of  the  glycerol.  For  the  extraction  of 
the  hard  stearic  acid  the  washed  fatty 
acids  are  now  melted  and  run  into 
troughs  or  dishes  of  tin,  as  shown  in  Pig. 
139.  These  are  placed  in  a  room  at  a 
temperature  of  ao°  to  30°  C.  and  kept  for 
two  or  three  days,  to  allow  the  palmitic 
and  stearic  acids  to  crystallize,  when 
the  contents  are  emptied  into  canvas 
or  woolen  bags  and  pressed  in  an  hy- 
draulic press.  The  liquid  oleic  acid  runs 
acid  obtained  are  melted  and  again  put  to  crys- 
perature  than  before.  A  thorough  pressing  will 
tly  firm  for  candle-making.  A  little  wax  or  par- 
y  the  very  crystalline  structure,  which  unfits 


Img  pro 
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X  liquid  product  the  mixture  of  olein  and  palmitin  known  popularly  as 
"oleomargarme  oil."  This  so-called  '"oleo  oil"  is  then  churned  with  about  10  per 
cent,  of  its  weight  of  milk,  with  the  addition  of  a  little  butter  color,  and  the  product 
is  salted  and  brought  into  the  market  as  oloomarxarine  butter.  In  making  what  is 
called  "butterine,  "  neutral  lard  is  added  to  the  oleo  oil  and  milk  before  churning, 
and  then  finished  as  before.  At  times  a  small  ouantity  of  sesame  oil  or  cotton- 
seed oil  is  added  to  soften  the  texture  of  the  product. 

4.  Manufacture  of  Glycerol  and  Nitroglycerin. — Glycerol  is  obtained  in  con- 
nection with  the  saponification  of  fats  by  the  autoclave  process  with  lime 
or  the  saponification  with  superheated  steam.  The  glycerol  from  the  lime  process 
is  obtained  in  a  very  dilute  state  at  first,  and  must  be  concentrated.  This  is  done 
by  the  aid  of  steam,  at  first  with  free  access  of  air,  and  later  in  vacuo.  The  product, 
brought  to  a  specific  gravity  of  i  .22,  has  a  brown  color  and  is  known  as  "raw  glyc- 
frin."  It  is  then  filtered  through  lione-black  in  closed  and  jacketed  filters,  and 
distilled  with  the  aid  of  steam.  The  glycerol  which  distils  over  from  the  saponi- 
fication in  the  apparatus  of  Wilson  and  Gwynne.  before  described,  is  more  con- 
centrated and  freer  from  impurities.  It  still  requires,  howc 
and  after-dislillation  with  steam  heat. 
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Nitroglycerin  is  a  technical  product  of  great  commercial  importance,  because 
of  its  large  use  in  mining  and  blasting  operations.  It  is  manufactured  on  a  large 
scale,  but  every  stage  of  the  process  must  be  watched  with  the  greatest  care  be- 
cause of  the  extreme  danger  connected  with  its  explosions.  The  nitrating  mixture 
consists  of  5  parts  of  concentrated  sulphuric  acid  and  3  parts  of  nitric  acid  of  1.48 
sp.  gr.  The  glycerol  must  be  relatively  pure  and  of  sp.  gr.  about  1.26.  The  acid 
mixture  having  been  placed  in  a  wooden  tank  lined  with  lead,  and  cooled  by  coils 
of  leaden  pipe  througn  which  ice  water  is  circulating,  to  14®  to  16®  C,  the  glycerol 
is  run  in  through  a  small  pipe,  or,  better,  in  a  fine  spray  through  a  metal  sieve.  The 
liquid  must  be  kept  continuously  mixed  during  the  nitration,  and  the  temperature 
not  allowed  to  rise  above  about  18°.  If  the  temperature  rise  suddenly  or  continue 
rising,  the  contents  of  the  tank  must  be  allowed  to  run  at  once  into  a  larger  recep- 
tacle containing  cold  water.  The  nitration  of  730  pounds  of  glycerol  takes  from 
)  to  2}  hours.  When  it  is  completed  the  product  is  run  into  a  vessel  containing 
water  at  21®.  As  the  nitroglycerin  separates,  it  is  then  washed  first  with  pure 
water,  then  with  water  containing  some  soda  solution,  and  finally  with  strong 
soda  solution.  The  yield  of  nitroglycerin  is  greater  in  winter  than  in  summer, 
varying  from  950  to  1200  pounds  of  nitroglycerin  from  630  pounds  of  glycerol. 
The  several  operations  of  nitration,  separation,  and  washing  are  all  carried  out  in 
detached  buildings,  and,-  as  far  as  possible,  compressed  air  is  used  for  effecting  the 
mixing  and  washing. 

5.  The  Utilization  of  the  Drying  Oils  in  Paints  and  Varnishes. — In  the  classi- 
fication of  the  oils  (see  p.  550)  the  distinction  was  made  between  drying  and 
non-drying  oils.  This  distinction  is  based  upon  differences  in  chemical  composi- 
tion. The  drying  oils,  like  linseed  oil,  contain  large  amounts  of  the  glyceriae  of 
linoleic  acid,  which  differs  from  oleic  acid  chiefly  in  its  power  of  absorbing  oxygen 
and  becoming  resinous.  This  tendency  is  notably  accelerated  by  boiling  the  oils 
with  certain  mineral  compounds  like  litharge,  manganese  dioxide,  and  the  acetates 
and  borates  of  lead,  manganese,  and  zinc.  These  are  known  therefore  as  * 'dryers'* 
because  of  the  drying  quality  they  impart  to  the  oils.  This  is  of  great  importance 
in  the  manufacture  of  paints  and  varnishes.  In  a  paint  we  have  the  finely  divided 
color  thoroughly  rubbed  up  and  incorporated  with  boiled  linseed  oil,  and  this  is 
then  thinned  out  with  oil  of  turpentine.  In  varnishes  we  have  solutions  of  hard 
resins  in  oil,  also  thinned  out,  if  necessary,  with  oil  of  turpentine.  The  resins  so 
used  are  amber,  copal,  damar,  anim^,  etc. 

Printers'  ink  is  also  a  thoroughly  boiled  linseed  oil  varnish  with  which  is  in- 
corporated the  lamp>-black  or  other  color  and  a  small  quantity  of  soap.  Oilcloth 
ancf  linoleum  are  also  products  into  which  boiled  linseed  oil  enters. 

VIII.     Amines    and   Amides. 

The  introduction  of  an  alcohol  or  basic  radical  into  the  ammonia 
molecule,  replacing  one  or  more  hydrogen  atoms,  gives  us  an  amine,  and 
just  as  ammonia  can  combine  with  a  haloid  acid  to  form  an  ammo- 
nium salt,  so  the  amine  or  derived  ammonia  can  unite  with  the  chloride, 
bromide,  or  iodide  of  an  alcohol  radical  to  form  a  derived  ammonium 
salt  in  which,  for  instance,  the  four  hydrogen  atoms  of  NH^Cl  may  be 
replaced  by  alcohol  radicals. 

We  may  have  primary,  secondary,  or  tertiary  amines,  according  as 
one,  two,  or  three  atoms  of  hydrogen  in  NH3  are  replaced.  We  may 
also  have  monamines,  diamines,  or  triamines,  according  as  one,  two,  or 
three  molecules  of  ammonia  are  represented.     Thus  : 

NHj.CH,,  methylamine,  is  a  primary  amine. 

NH.(CH3)2,  dimethylamine,  is  a  secondary  amine. 

N(CH,)3,  trimethylamine,  is  a  tertiary  amine. 

{iiY{^2^fi^,  ethylenediamine,  is  a  diamine. 

N(C2Hg)^0H,  tetraethyl  ammonium  hydroxide,  is  a  quaternary  base. 

NCCHj)^!,  tetramethyl  ammonium  iodide,  is  a  quaternary  salt. 


^ 
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The  amines  containing  the  lower  alcohol  radicals  bear  a  close  resem- 
blance to  ammonia,  being  strongly  basic,  having  an  ammoniacal  odor, 
forming  white  clouds  with  hydrochloric  acid,  forming  salts  with  haloid 
acids,  which  salts  unite  to  form  crystalline  double  salts  with  gold  and 
platinic  chlorides.  The  anmioniimi  bases  are  solid,  very  hygroscopic, 
and  exceedingly  like  potash  in  properties. 

The  amines  are  formed  by  acting  directly  upon  ammonia  with  the 
halogen  compound  of  the  alcohol  radical,  only  in  this  case  the  primary 
amine  first  formed  again  reacts  with  the  haloid  compound  producing 
the  secondary  amine,  and  so  on,  so  that  the  result  of  the  reaction  is 
usually  a  mixture  of  primary,  secondary,  tertiary,  and  even  quartemary 
bases.  The  nitro-paraffins,  like  CH^.NO^,  are  also  reducible  with 
nascent  hydrogen  to  amines.  This  reaction  has  less  importance  here, 
however,  than  under  the  aromatic  nitro-derivatives  like  nitro- 
benzine. 
^  I.  Monamines. — Methylamine,  CH3NH2,  is  found  naturally  occur- 

;x  ring  in  Mercurialis  annua  and  M .  perennis,  in  herring  brine,  in  the  dis- 
S  tillation  products  of  wood,  bones,  and  beet-root  molasses,  and  in  the 
products  of  the  decomposition  of  morphine,  codeine,  kreatin,  sarcosin, 
^3'glycocolL  It  is  most  easily  prepared  from  acetamide,  caustic  soda, 
and  bromine.  Colorless  gas,  smelling  like  ammonia,  and  at  the  same 
time  with  a  fish-hke  odor;  bums  \vith  a  yellowish  flame.  Forms  a  crys- 
talline hydrochloride  and  sulphate. 

Dimethylamine,  {CH^^Yi,  occurs  also  in  herring  brine  and  is  formed 
in  the  decomposition  of  fish.  Found  also  in  Peruvian  guano  and  in 
pyroligneous  acid.  It  results,  moreover,  from  the  decomposition  of 
glue  and  yeast.     Liquid  boiling  at  8^-9°  C. 

Trimethylamine,  (CH3)3N,  is  found  quite  widely  distributed, — in  the 
leaves  oi  Ckeno podium  vuTvdria,  in  Arnica  montana,  in  CratcBgus  oxya- 
cantha,  and  abundantly  in  herring  brine.  Formed  also  in  the  decomposi- 
tion of  lecithin,  protagon,  neurin,  and  betam  (hence  in  beet  sugar  molasses 
distillation),  also  from  alkaloids  like  narcotine  and  codeine  by  the  action 
of  alkalies.  Liquid,  with  a  strong  odor  of  decomposing  fish,  boiling 
at  9^  C. 

The  isomerism  of  trimethylamine,  (CH3)3N,  and  propylamine,  C,H.- 
NH.„  has  led  to  the  erroneous  use  of  the  latter  name  at  times.  Thus, 
the  so-called  "propylamine  hydrochlorate, "  used  at  one  time  in 
medicine  as  a  remedy  for  rheumatic  ailments,  was  a  salt  of  trimethyl- 
amine. 

Tetramethyl  Ammonium  Iodide,  N(CH3)J,  is  obtained  readily  by 
the  direct  action  of  CH3I  upon  ammonia.  It  crystallizes  in  white  needles 
or  prisms,  and  has  a  bitter  taste. 

Tetrafnethyl  Ammonium  Hydroxide,  N(CH3)^0H,  forms  fine  hygro- 
scopic needles. 

Ethylamine,  CjH^.NH^,  colorless  liquid,  boiling  at  19°,  with  a  strong 
ammoniacal  smell  and  biting  taste.  It  differs  from  ammonia  in  dissolving 
A1(0H)3,  but  does  not  dissolve  Fe(0H)3. 
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Diethylamine,  (CjHJjNH,  boils  at  56®.  Triethylamute,  (C2H5)3N, 
is  an  oily,  strongly  alkaline  liquid,  boiling  at  90®.  It  is  found  in  the 
decomposition  of  fish  tissue. 

Trimethyl'vinyl  Ammonium  Hydroxide  (Neurin),  N(CH3)3C2H,.OH. — 
This  base,  containing  the  unsaturated  radical  vinyl,  results  when  lecithin 
and  protagon,  which  are  found  in  nerve  and  brain  tissue,  are  boiled 
with  baryta.  Very  soluble  in  water,  and  of  alkaline  reaction.  Extremely 
poisonous. 

Trimethyl-oxy ethyl   Ammonium.    Hydroxide    (Choline    or    Bilineurin), 
N(CH3),(C2H,OH).OH,  is  found  in  the  bile  (W^,,  bile),  brain,  yolk  of  egg 
etc.,  being  combined  with  glycerin-phosphoric  acid  as  lecithin.     It  is  also 
present  in  herring  brine,  hops,  beer,  and  in  many  fungi.    Choline  is  a  strong 
base,  difficultly  crystallizable,  and  deliquescent.     It  is  not  poisonous. 

■ag^^Djamines. — Ethylene-diamine,   C2H^(NH2)2t   is  a   colorless  liquid. 


boiling  at  123®,  easily  soluble  in  water,  not  miscible  with  benzene  and 
ether.     It  smells  faintly  ammoniacal,  and  has  a  caustic  taste. 

Diethylene-diamine .  (C,Hj\(N HL. — This  base,  known  also   as  "Pipe- 
^T^azip^ '  *  IS  formed  by  the  heating  of  the  ethylene-diamine  hydrochloride. . 
Rliombic  tablets,  fusing  at  104®  and  boiling  at  145°.    Used  considerably 
in  medicine  because  of  its  solvent  action  on  uric  acid  and  gouty  concretions. 

Trimethylene-diamine,  C3Hg(N  112)2. — Oily  liquid,  boiling  at  136°. 

Tetramethylene-diamine,     C^H^(NH2)2. — This    base,    known    also    as 

"^^I'ulfeSciiir^results  from  the  decomposition  of  flesh,  hence  contained 

in  the  cadaver.    The  free  base  smells  like  spermatic  fluid,  boils  at  156®- 

157^,  and  is  poisonous.     It  is   also  found  in   the  urine  and   faeces  in 

cystinuria. 

Pentamethylene-di amine,  C5H,y(NH2)2. — ^This  base  is  known  as  "Cadav- 
erine.  **  It  is  formed  in  the  decomposition  of  flesh  and  fish,  and,  as  the 
name  indicates,  is  found  in  the  cadaver.  The  free  base  boils  at  1 78^-1 79®, 
and  smells  like  spermatic  fluid.  Is  poisonous.  The  chlorhydrate  when 
heated  breaks  up  into  piperidine,  CjHjjN,  and  ammonium  chloride. 

Hexamethylene-tetr amine,  (CH2)6N^  (Hexamethylenamina,  U.S.?.)  ,~A 

condensation  product  obtained  by  the  action  of  ammonia  upon  formalde- 
hyde^^ It  forms  colorless,  lustrous;  odorless  crystals  having  when  in 
aqueous  solution  an  alkaline  reaction.  It  is  soluble  in  water,  less  readily 
in  alcohol  and  difficultly  soluble  in  ether.  It  has  been  used  in  medicine 
under  the  names  of  **urotropin**  and  "formin**  as  well  as  under  its 
proper  chemical  name.    --  "-■ 

The  amides  and  imides  are  derivatives  of  ammonia,  in  which  one  or 
more  hydrogen  atoms  are  replaced  by  acid  radicals.  They  are  easily 
distinguished  from  the  amines  by  their  ready  saponification.  They 
decompose  on  heating  with  acids  or  alkalies,  or  even  with  water,  into 
their  components,  acid  and  ammonia.  They  may  be  formed  by  the 
action  of  ammonia  upon  the 'chlorides  of  the  acid  radicals,  by  the  dry 
distillation  of  the  ammonia  salts  of  the  fatty  acids,  and  other  methods. 

^Formamide.  HCO.NH^.  is  obtained  by  heating  ammonium  formate 
to  230^    L  quid  boiling  at  195®  with  partial  decomposition  into  NH^ 
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and  CO.    Its  compound  with  chloral  has  already  been  noted  (see  Chlora- 

lamide,  p.  526).    It  dissolves  mercuric  oxide,  forming,  with  elimination 

HCO  NH 
of  water,  a  compound  "mercury-formamidate,**  HCO  NH"^^^' ^^^^ 

is  used  somewhat  in  medicine.  The  compound  is  stable  in  the  presence 
of  albuminoids,  but  is  decomposed  by  dilute  acids  or  alkalies,  with 
separation  of  fine  gray  metallic  mercury. 

A^c0aitiide,  CjHgO.NH^. — Obtained  by  heating  ammonium  acetate 
:o  230®.  P'orms  cPystalsSSSily  soluble  in  water  and  alcohol,  fusing  at 
82*^,  and  boiling  at  222°.  Has  a  characteristic  odor,  recalling  mice. 
Diacetamide,  {CJAjd).^Yi,  forms  a  white  mass,  fusing  at  78°  and  boiling 
ar"??3^:  Triaceiamidej{^,,l{fi)^. — White  needles,  melting  at  79°; 
neutral  feaCtlbh. 

The  amido  acids  have  been  noted  in  part  as  derivatives  under  the 
sei^eral  fatty  acids  (see  p.  536).  Some  additional  compounds  of  this 
class  remain  to  be  noted. 
r  Amido-succinic  Acid  (Aspartic  Acid),  COOH.CH2.CH(NH2).COOH. 
iS  readily  obtained  by^oiling  asparagin  with  acids  or  alkalies.  Formed 
also  in  the  decomposition  of  albuminoids,  horn,  and  glue,  with  acids  or 
alkalies.  It  forms  small  rhombic  tablets  easily  soluble  in. -hot  water. 
Nitrous  acid  changes  it  into  malic  acid/j^-rw?   CM,.  'A\  u  '<>^t-ri4 

AfnidosuccinamideJAspsLvagin),  COOH.CH2.CH(NH2).CONH2,  occurs 
very  widely  distriFutecI"Tri"""tKe  vegetable  kingdom,  as  in  sugar-beets, 
potatoes,  in  the  shoots  of  many  vegetables,  in  sweet  almonds  and  aspara- 
gus, whence  the  name.  Forms  lustrous  rhombic  crystals,  easily  soluble 
ill  hot  water,  insoluble  in  alcohol  and  ether.  Is  a  monobasic  acid,  which 
combines  with  bases,  acids,  and  salts.  It  forms  a  crystalline  blue  copper 
salt,  which  is  nearly  insoluble  in  water. 

Amido-pyrotariaric  Acid  (Glutamic  Acid),  COOH.C3H,(NH,).COOH, 
occurs  along  with  aspartic  acid  in  all  the  decompositions  of  albuminoids, 
etc.  Forms  rhombic  crystals,  melting  at  202°,  soluble  in  water,  difficultly 
.oluble  in  alcohol. 

Amido-pyrotartaramide  (Glutamine),  COOH.C,H,(NH,).CONH,,  ac- 
companies asparagin  in  many  plants,  and  is  best  obtained  from  the 
fresh  juice  of  the  sugar-beet. 

Appendix  to  Amines  and  Amides. — Analogous  to  the  organic  ammonia  deriva- 
tives are  the  corresponding  compounds  derived  from  phosphine,  PH3,  from  arshte, 
AsHs,  and  stibine,  SbHa.  Ethyl  phosphine  and  triethyl-phosphine  are  both  liquids 
of  powerful  and  disagreeable  odor,  which  readilv  ignite,  and  bum  in  the  air  like 
the  six)ntaneously  inflammable  phosphine.  Tetraethyl-phosphonium  iodide  is 
also  known.  The  organic  arsenic  compounds  are  primary,  secondary,  and  ter- 
tiary arsines.  Of  these  the  best  known  arc  the  secondary  compounds.  When  an 
acetate  like  KCgHaOa  is  distilled  with  arscnous  oxide,  AsaOa,  there  is  produced  a 

As(CH3)2 

com]X)und,    |  .  known  as  cacodyl    (from    KaKd)fh/r,    stinking),    together  with 

AS(CH3)2 

the  oxide  of  the  same,  Jru^^^s  *^'  1^"°^^'"  ^^  cacodyl  oxide.     The  crude  mixed 

distillate  was  first  obtained  by  Cadet,  in  1760.  and  called  "alkarsin,"  and  investi- 
;jated  by  Bunsen  in  1838.  The  free  base  cacodyl  is  of  sickening  odor,  inciting  to 
immediate  vomiting. 


•/J^'^K 
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The  antimony,  boron,  and  silicon  compounds  have  also  been  obtained,  the  last 
named  derived  from  SiH4,  resembling  the  methane  derivatives. 

Organo-metaUic  compounds,  such  as  zinc-methyl,  Zn(CH8)2,  and  zinc-ethyl, 
Zn(C2H5)2;  mercury-methyl,  Hg(CH3)2,  and  mercury-ethyl,  Hg(C2H8)2;  alumi- 
num-methyl, A1(CH8)8;  lead-methyl,  Pb(CH3)2.  and  lead-ethyl,  Pb(C2H8)2;  and 
tin-tetramethyl,  Sn(CHs)4,  and  tin-tetraethyl,  Sn(CaH5)4,  have  all  beisn  prepared. 

IX.     Carbohydrates. 


We  find  very  widely  distributed  in  the  vegetable  kingdom  a  class  of 
compounds  which  are  of  the  greatest  importance  as  food-products  in  the 
support  of  animal  life,  and  play  an  important  part  in  the  nutrition  of 
the  living  organism.  These  compounds  have  been  termed  "carbo- 
hydrates," because  they  contain  along  with  carbon  the  elements  hydro- 
gen and  oxygen  in  theLratio^of  2  to  i ,  or  as  they  exist  in  water.  They 
also  bear  a  simple  relation  totheliex^atDmitrSTcoKols  mannitol  and  dulcitol 
(see  p:  518),  the  formulas  of  which  were  CgH,^0^..  As  the  formula  o' 
one  group  of  carbohydrates  is  CgHj^Og,  and  several  of  them  can  be  formed 
by  the  careful  oxidation  of  these  hexatomic  alcohols,  it  was  supposed  they 
contained  an  aldehyde  or  ketone  group,  and  in  fact  they  are  now  recog- 
nized as  aldehyde  or  ketone  alcohols.  A  second  group  of  the  carbo- 
hydrates, with  the  formula  C,2H220,p  seems  to  be  simply  anhydrides 
of  the  first  group  of  aldehyde  or  ketone  alcohols;  and  the  third  group, 
with  the  formula  (CgH,„OJu,  are  still  more  complex  anhydrides.  The 
process  of  "hydrolysis'*  is  capable  of  causing  these  anhydrides  to  take 
up  water  and  yield  compounds  of  the  other  group.  Despite  the  large 
number  of  these  carbohydrates  occurring  in  nature,  until  very  recently 
it  had  not  been  found  possible  to  form  any  of  them  by  synthetic  means. 
A  beginning  has  now  been  made  in  this  work,  however,  by  the  German 
chemist  Emil  Fischer,  and,  while  the  more  important  of  the  carbo- 
hydrates still  remain  incapable  of  artificial  formation,  the  way  is  clearly 
indicated.  The  number  of  artificial  compounds  formed  makes  it  necessary 
to  broaden  the  classification  hitherto  adopted,  and,  instead  of  the  old 
grouping  of  Glucoses,  C^Hj^O,.,  Sucroses,  Cy.H.^O^^,  and  Amyloses,  (CgHj,,- 
OJnt  we  now  classify  them  as  follows: 

I.  Monosaccharides  or  Monoses. 

Triases. — Glycerose,    C^Hfi^  (prepared  from  glycerol  by  oxidation). 

Tetroses. — Erythrose,  C,H^Oj   (prepared  from  erythrol  by  oxidation). 

Pentoses. — Arabinose,C,iH,yO,  (prepared  by  the  action  of  dilute  sulphuric 
acid  upon  laevo-rotatory  gumarabic) ;  xylose,  C5H,yO,(prepared  by  boiling 
beech-wood  and  jute  with  dilute  acids) ;  ribose,  CgH^jOj  (prepared  from 
arabinose  by  heating  with  pyridine) :  rhamnose  or  isodulcitol,  C,H9(CH3)- 
O^,  a  methyl-pentose  (prepared  bv  the  decomposition  of  glucosides  like 
quercitrin) ;  fucose,  C,Hy(CH.JO,,  (obtained  from  sea-weeds  by  hydrolysis). 

Hexoses  are  divided  into  two  groups, — the  aldoses,  in  which  the  alde- 
hydic  character  is  shown,  and  the  ketoses,  in  which  the  ketone  character. 
is  indicated  by  their  reactions.     To  the  aldose  group  belong  mannose, 
CgHjjOg    (obtained   by    the    careful    oxidation    of   mannitol);   glucose, 
CjHijOg  (of  which  the  dextro-rotatory  variety  is  the  naturally  occurring 
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dextrose) ;  gulose,  CgHjjOg  (obtained  as  yet  only  artificially) :  galactose, 
CgHi^Og  (obtained  by  the  inversion  of  milk  sugar);  talose,  CgH|,0| 
(obtained  as  yet  only  artificially);  rhamno-hexose,  CgHi,(CH3)0, 
(obtained  artificially  from  rhamnose).  To  the  ketose  group  belong 
fructose  (or  levulose),  CgH,jOg  (obtained  along  with  glucose  in  the  inver- 
sion of  cane-sugar) ;  acrose,  CgHijO^^  (obtained  as  yet  only  artificially) ; 
sorbinose,  C^H^fi^  (obtained  from  motmtain-ash  berries). 

Heptoses. — Manno-heptose,  C^Hi^Oy  (obtained  artificially  from  man- 
nose)  ;  gluco-heptose,    C^Hj^Oy     (obtained    artificially    from    glucose). 

Octoses. — Manno-octose,  CgH,gOs  (obtained  artificially  from  mannose); 
gluco-octose,    CyHjgOj^     (prepared    from    the    corresponding    glucose). 

Nonoses, — Manno-nonose,  CpHjgOg  (prepared  from  the  corresponding 
mannose);  gluco-nonose,  C^HigO,  (prepared  from  the  corresponding 
glucose) . 

2.  Disaccharides  or  Dioses,  and  Trisaccharides  or  Trioses. 

Tribioses  and  Tetrabioses  are  as  yet  unknown. 

Pentabioses. — Arabinon,  CjoH^gO^  (has  been  prepared  by  the  moderated 
action  of  dilute  sulphuric  acid  upon  arabic  acid).  '• 

Hexabioses. — Sucrose  (cane  sugar),  CjjHjjOn;  lactose  (milk  sugar), 
C,2H230,,  +  H2O;  maltose,  C,2H220,j;  isomaltose,  CjjHgjOji;  trehalose 
(mycose) ,  CjgHjjOn ;  melabiose  (eucalyn),  CijHjjO,,;  turanose,  CuHj^O,, 
(obtained  by  the  partial  hydrolysis  of  melezitose). 

Hexatrioses. — Meletriose  (raffinose),   ^i^^sPx^',    melezitose,   CjgHjjOjg. 

3.  Polysaccharides  or  Polyoses. 

(a)  Crystallizable  Polysaccharides. — Gcntianose  (from  Gentiana  lutea)\ 
lactosin  (from  Silena  vulgaris) ;  and  stachyosc  (from  Stachys  tuperijera). 

{b)  Uncrystallizable  Polysaccharides . — These  include  three  sub-groups 
of  related  compounds: 

Starches,  lichenin  (from  Iceland  moss),  inulin  (from  Inula  helenium), 
triticin,  and  glycogen  (or  animal  starch). 

Dextrine  (or  artificial  gum),  natural  gums  (including  gum  arabic, 
wood-gum,  bassorin,  etc.),  and  pectin  substances. 

Cellulose,  li^nin,  and  tunicin  (or  animal  cellulose). 

The  monosaccharides  as  a  class  are  neutral,  taste  sweet,  and  are  color- 
less and  odorless.  They  are  all  easily  soluble  in  water,  difficultly  soluble 
in  absolute  alcohol,  and  insoluble  in  ether.  They  are  easily  oxidizable, 
and  therefore  all  reduce  alkaline  solutions  of  metallic  salts.  The  solution 
usually  taken  for  this  reaction  is  an  alkaline  solution  of  copper  tartrate 
known  as  "  Fehling's  solution.  "  This  reaction  takes  place  quantitatively, 
and  hence  Fehling's  solution  serves  as  a  means  of  estimating  sugars. 

The  directions  of  the  U.  S.  Pharmacopoeia  for  its  preparation  are:  "Dissolve 
34.67  Gm.  of  carefully  selected,  small  crystals  of  pure  cupric  sulphate,  showing 
no  trace  of  eftloresconce  or  adhering  moisture,  in  a  sufficient  Quantity  of  water 
to  make  the  solution  measure,  at  25°  C.  (77°  F.)  exactly  500  C.c.  iCeep  this  solution 
in  small,  well-stoppered  bottles.  Dissolve  173  Gm.  of  crystallized  potassium  and 
sodium  tartrate,  and  75  Gm.  of  potassium  hydroxide,  in  a  sufficient  quantity  of 
water  to  make  the  solution  measure,  at  2i;°C.  (77**  P.),  exactly  500  C.c.    Keep  the 
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solution  in  small,  rubber-stoppered  bottles.  For  use,  mix  exactly  equal  volumes 
of  the  two  solutions  at  the  time  required.  One  cubic  centimeter  of  the  mixed 
solution  is  the  equivalent  of: 

Gram. 

Cupric  sulphate,  crystallized,  CUSO4 -f-  5H2O 0.03467 

Cupric  tartrate,  CuC4H40e  4  3 H2O 0.03688 

Glucose,  anhydrous,  CeHigOe 0.00500 

Cane  sugar,  (inverted) 0.00475 

Milk  sugar,  anhydrous,  Ci2H2aOii 0.00678" 

Very  characteristic  for  the  monosaccharides  is  the  reaction  with 
phenyl-hydrazine,  C^^H^.NH  NH^  When  this  reagent  in  dilute  acetic 
acid  solution  is  heated  with  these  compounds,  they  form  difficultly 
soluble  and  crystalline  osazones,  by  means  of  which  they  can  be  separated 
and  identified. 

The  monosaccharides  are  not  equally  subject  to  the  decompositions 
in  the  presence  of  micro-organisms  known  as  "fermentations.'*  The 
trioses,  hexoses,  and  nonoses  appear  to  be  readily  fermentable,  while 
the  pentoses,  heptoses,  and  octoses  are  not  decomposed. 

The  trioses,  tetroses,  and  pentoses  are  not  of  sufficient  importance  to 
require  more  than  the  mention  already  given  in  the  classification.  The 
hexoses,  however,  include  not  only  a  number  of  important,  naturally 
occurring  sugars,  but  compounds  obtained  in  the  hydrolysis  of  the 
di-,  tri-,  and  polysaccharides. 

Mannose,  C^^jd^y  is  obtained  by  the  careful  oxidation  of  mannitol 
and  by  the  hydrolysis  by  means  of  dilute  sulphuric  acid  of  many  natural 
carbohydrates,  such  as  salep  mucilage  and  hemicellulose  from  vegetable 
ivory-nuts,  palm-nuts,  etc.  Hard,  friable  powder,  easily  soluble  in  water, 
and  fermentable  with  yeast. 

Glucose,  CgHjjOg. — This  is  the  most  widely  distributed  of  the  hexose 
class.  It  occurs,  under  the  common  name  of  "grape  sugar,"  along 
with  fructose  (fruit  sugar)  in  most  sweet  fruits  and  juices.  Grape  jtiice 
contains  10  to  30  per  cent.,  figs  12  per  cent.,  sweet  cherries  9  to  10  per 
cent.,  apples  and  pears  7  to  10  per  cent.,  plums  and  apricots  2  to  5  per 
cent.  Small  amounts  of  this  sugar  are  found  in  the  blood  as  well  as  in 
most  of  the  organs  and  tissues  of  the  body.  In  the  disease  known  as 
"  diabetes  mellitus'*  the  urine  contains  larger  amounts  (as  high  as  8  to  10 
per  cent.).  It  is  most  readily  prepared  by  the  hydrolysis  (inversion) 
of  the  carbohydrates  of  the  higher  classes,  like  cane  sugar,  which 
yields  a  mixture  of  equal  molecules  of  glucose  (dextrose)  and  fruc- 
tose (levulose),  and  starch,  which  yields  products  like  dextrin  and 
maltose,  which  gradually  pass  into  glv/cose.  The  commercial  glucose 
(or  starch  sugar)  is,  however,  never  perfectly  converted,  and  contains, 
besides  dextrine  and  maltose,  unfermentable  sugars  as  alterative  products. 

Glucose  crystallizes  out  of  alcohol  or  from  concentrated  aqueous 
solution  at  30^-35®  in  anhydrous  needles  or  hard  crusts,  which  fuse  at 
146®.  At  ordinary  temperatures  it  crystallizes  out  of  aqueous  solution 
with  I  molecule  of  water  in  warty  masses.  It  is  distinctly  inferior  in 
sweetness  of  taste  to  cane  sugar. 
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dextrose) ;  gulose,  C5Hj20g  (obtained  as  yet  only  artificially) :  galactosCt 
CgH^Og  (obtained  by  the  inversion  of  milk  sugar) ;  talose,  CfiJ)^ 
(obtained  as  yet  only  artificially);  rhamno-hexose,  CgHi|(CHj)Oj 
(obtained  artificially  from  rhamnose).  To  the  ketose  group  belong 
fructose  (or  levulose),  CgH^^Og  (obtained  along  with  glucose  in  the  inver- 
sion of  cane-sugar);  acrose,  C^HijOg  (obtained  as  yet  only  artificially): 
sorbinose,  CgHjjOg  (obtained  from  mountain-ash  berries). 

Heptoses. — Manno-heptose,  C^Hj^O^  (obtained  artificially  from  man- 
nose);  gluco-heptose,    C-H,20-     (obtained    artificially     from     glucose). 

Octoses. — Manno-octose,  C^Hj^O^  (obtained  artificially  from  mannose); 
gluco-octose,    C^H,rtOj^     (prepared    from    the    corresponding    glucose). 

Nofioses. — Manno-nonose,  CpHj^Oj,  (prepared  from  the  corresponding 
mannose);  gluco-nonose,  CgH^jOj  (prepared  from  the  corresponding 
glucose) . 

2.  Disaccharides  or  Dieses,  and  Trisaccharides  or  Trioses. 

Tribioses  and  Tetrabioses  arc  as  vet  unknown. 

Pentabioses, — Arabinon,  C,„Hi^Oj,  (has  been  prepared  by  the  moderated 
action  of  dilute  sulphuric  acid  upon  arabic  acid).  '• 

Hexabioses, — Sucrose  (cane  sugar),  CigHj^Oi, ;  lactose  (milk  sugar), 
C12H22O,,  4-  HoO;  maltose,  C,^,Hj,20,,;  isomaltose,  CjjHjjOn;  trehalose 
(my cose) ,  C,2H220„ ;  melabiose  (eucalyn),  CJ2H22OH;  turanose,  CijHgO„ 
(obtained  by  the  partial  hydrolysis  of  melezitose). 

Hexatrioses, — Meletriose  (raffinose),   CjgHjjOjg;    melezitose,   C^H^jO,,. 

3.  Polysaccharides  or  Polyoses. 

(a)  Crystal lizahle  Polysaccharides. — Genii anose  (from  Gentiana  luted] : 
lactosin  (from  Silena  vulgaris) ;  and  stachyose  (from  Stachys  tuperijera).  | 

(b)  Uncrysiallizablc  Polysaccharides. — These  include  three  sub-groups 
of  related  compounds: 

Starches,  lichcnin  (from  Iceland  moss),  inulin  (from  Inula  hclcnium\ 
triticin,  and  glycogen  (or  animal  starch). 

Dextrine  (or  artificial  gum),  natural  gums  (including  gum  arabic, 
wood-gum,  bassorin,  etc.),  and  pectin  substances. 

Cellulose,  lignin,  and  tunicin  (or  animal  cellulose). 

The  monosaccharides  as  a  class  are  neutral,  taste  sweet,  and  are  color- 
less and  odorless.  They  are  all  easily  soluble  in  water,  difficultly  soluble 
in  absolute  alcohol,  and  insoluble  in  ether.  They  are  easily  oxidizable. 
and  therefore  all  reduce  alkaline  solutions  of  metallic  salts.  The  solution 
usually  taken  for  this  reaction  is  an  alkaline  solution  of  copper  tartrate 
known  as  "  Fehling's  solution. "  This  reaction  takes  place  quantitativdy. 
and  hence  Fehling's  solution  serves  as  a  means  of  estimating  sugars. 

The  directions  of  the  U.  S.  Pharmacopoeia  for  its  preparation  are:  "Dissolve 
34.67  Gm.  of  carefully  selected,  small  crystals  of  pure  cupric  sulphate,  showing 
no  trace  of  elHorescence  or  adhering  moisture,  in  a  sufficient  quantity  of  water 
to  make  the  s^jlution  measure,  at  2  5°C.  (77°  F.)  exactly  500  C.c.  Keep  this  solution 
in  small,  well -stopjx? red  bottles.  Dissolve  173  Gm.  of  crystallized  potassium  and 
sodium  tartrate,  and  75  Gm.  of  |H.)tassium  hydroxide,  in  a  sufficient  quantity  of  ' 
water  to  make  the  solution  measure,  at  2t?°C.  (77**  F.).  exactly  500  C.c.    Keep  the 
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solution  in  small,  rubber-stoppered  bottles.  For  use,  mix  exactly  equal  volumes 
of  the  two  solutions  at  the  time  required.  One  cubic  centimeter  of  the  mixed 
solution  is  the  equivalent  of: 

Gram. 

Cupric  sulphate,  crystallized,  CUSO4 -f  sHaO 0.03467 

Cupric  tartrate,  CUC4H4O6 -h  3 HaO 0.03688 

Glucose,  anhydirous,  CeHiaOe 0.00500 

Cane  sugar,  (inverted) 0.00475 

Milk  sugar,  anhydrous,  CiaHaaOii 0.00678" 

Very  characteristic  for  the  monosaccharides  is  the  reaction  with 
phenyl-hydrazine,  C^^H^.NH  NHj,,  When  this  reagent  in  dilute  acetic 
acid  solution  is  heated  with  these  compounds,  they  form  difficultly 
soluble  and  crystalline  osazones,  by  means  of  which  they  can  be  separated 
and  identified. 

The  monosaccharides  are  not  equally  subject  to  the  decompositions 
in  the  presence  of  micro-organisms  known  as  ** fermentations.''  The 
trioses,  hexoses,  and  nonoses  appear  to  be  readily  fermentable,  while 
the  pentoses,  heptoses,  and  octoses  are  not  decomposed. 

The  trioses,  tetroses,  and  pentoses  are  not  of  sufficient  importance  to 
require  more  than  the  mention  already  given  in  the  classification.  The 
hexoses,  however,  include  not  only  a  number  of  important,  naturally 
occurring  sugars,  but  compounds  obtained  in  the  hydrolysis  of  the 
di-,  tri-,  and  polysaccharides. 

Mannose,  CgHjgOg,  is  obtained  by  the  careful  oxidation  of  mannitol 
and  by  the  hydrolysis  by  means  of  dilute  sulphuric  acid  of  many  natural 
carbohydrates,  such  as  salep  mucilage  and  hemicellulose  from  vegetable 
ivory-nuts,  palm-nuts,  etc.  Hard,  friable  powder,  easily  soluble  in  water, 
and  fermentable  with  yeast. 

Glucose,  CgHjjOg. — ^This  is  the  most  widely  distributed  of  the  hexose 
class.  It  occurs,  under  the  common  name  of  "grape  sugar,"  along 
with  fructose  (fruit  sugar)  in  most  sweet  fruits  and  juices.  Grape  juice 
contains  10  to  30  per  cent.,  figs  12  per  cent.,  sweet  cherries  9  to  10  per 
cent.,  apples  and  pears  7  to  10  per  cent.,  plums  and  apricots  2  to  5  per 
cent.  Small  amounts  of  this  sugar  are  found  in  the  blood  as  well  as  in 
most  of  the  organs  and  tissues  of  the  body.  In  the  disease  known  as 
"diabetes  mellitus"  the  urine  contains  larger  amounts  (as  high  as  8  to  10 
per  cent.).  It  is  most  readily  prepared  by  the  hydrolysis  (inversion) 
of  the  carbohydrates  of  the  higher  classes,  like  cane  sugar,  which 
yields  a  mixture  of  equal  molecules  of  glucose  (dextrose)  and  fruc- 
tose (levulose),  and  starch,  which  yields  products  like  dextrin  and 
maltose,  which  gradually  pass  into  glucose.  The  commercial  glucose 
(or  starch  sugar)  is,  however,  never  perfectly  converted,  and  contains, 
besides  dextrine  and  maltose,  unfermentable  sugars  as  alterative  products. 

Glucose  crystallizes  out  of  alcohol  or  from  concentrated  aqueous 
solution  at  30^-35°  in  anhydrous  needles  or  hard  crusts,  which  fuse  at 
146°.  At  ordinary  temperatures  it  crystallizes  out  of  aqueous  solution 
with  I  molecule  of  water  in  warty  masses.  It  is  distinctly  inferior  in 
sweetness  of  taste  to  cane  sugar. 
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Galactose,  Cfi^fi^,  is  produced  along  with  glucose  by  the  hydrolysis 
of  milk  sugar  as  well  as  from  many  other  carbohydrates,  such  as  gums. 
Is  also  obtained  as  a  decomposition  product  of  the  cerebrin  of  the  brain. 
CrystaUizes  in  small  crystals,  fusing  at  i68°,  and  is  fermentable. 

Fructose,  CgHigOg,  known  also  as  fruit  sugar  or  levulose,  is  found 
along  with  glucose,  and  at  times  with  cane  sugar,  also  in  ripe  fruits, 
also  found  in  honey.  By  boiling  cane  sugar  with  dilute  acids  equal 
molecules  of  dextrose  and  levulose  are  produced.  It  is  also  formed  by 
the  decomposition  of  inulin  with  dilute  acids.  Forms  a  syrup  or  needles, 
which  unite  to  rounded  aggregates,  and  fuse  at  95°.  Tastes  sweet,  and  is 
laevo-rotatory.  Is  fermentable  by  yeast,  but  more  slowly  than  glucose. 
It  forms  a  difficultly  soluble  compound  with  calcium  oxide,  Cj.Hg(CaOH)30g, 
by  means  of  which  it  can  be  separated  from  the  more  soluble  dextrose 
compound  when  the  two  are  present  together,  as  in  invert  sugar. 

Levulosehas_recently  been  introduced  into  medicine  under  the  name 
"of  "'dlaEetin,  '^^anTTs  made  from  invert  sugar,  as  indicated  above. 

Acrose,  CgHigOg  (so  named  because  prepared  from  acrolein),  is  an 
artificial  sugar  first  made  by  Emil  Fischer,  and  is  interesting  as  having 
yielded  by  various  synthetical  reactions  three  other  artificial  sugars, — 
mannose,  glucose,  and  fructose. 

The  heptoses,  octoses,  and  nonoses  have  as  yet  only  a  theoretical 
interest. 

The  disaccharides  are  a  most  important  class,  and  include  several 
of  the  best  known  of  the  sugars.  Under  the  group  hexabioses  we  have 
sucrose,  or  cane  sugar,  lactose,  or  milk  sugar,  and  maltose,  or  malt  sugar, 
as  the  most  important.  All  these  sugars  are  capable  of  inversion  or 
hydrolysis  in  the  presence  of  dilute  acids  as  well  as  certain  ferments, 
and  then  yield  products  belonging  to  the  class  of  monosaccharides. 
Thus,  sucrose,  on  inversion,  yields  a  mixture  of  dextro-glucose  and 
fructose;  milk  sugar  yields  dextro-glucose  and  galactose;  and  maltose 
yields  dextro-glucose  alone.  Milk  sugar  and  cane  sugar  are  not  ferment- 
able with  yeast  until  after  inversion;  maltose  is  directly  fermentable. 
^'^wood-Jniil^^^  ^^  effect  upon  Fehling's  solution,  while  milk  sugar  and 
Cellulose,  li^educing  effect. 
The  monosacch. Sugar),    C^.^:l.^p^^    (Saccharum,    U.S. P.),    is    very 

less  and  odorless,    'inature,  especially  in  the  sugar-cane  {Saccltarum 

in  absolute  alcohol,  aflins  from  16  to  20  per  cent.;  in  the  sugar-beet, 

and  therefore  all  reduce  a.  1 8  per  cent.;  in  the  sorghum-cane,  which 

usually  taken  for  this  reactt;    in  the  sugar-maple,  the  juice  of  which 

known  as  "  Fehling's  solution. ;    in  Indian  com,  and  in  many  fruits. 

and  hence  Fehling's  solution   manufacture  is  practically  limited  to 

sugar-cane  and  the  sugar-beet.      An 
The  directions  of  the  U.  S    Phax^^j.^  ^^,^11  ^^  appended  to  this  section. 

^4.67  Gm.  of  carefully  selected,  smc  K.    . 

■  no  trace  of  eftlorescence  or  adhcring/drous,  monoclmic  crystals,  melting 

to  make  the  solution  measure,  at  25°  Cif^^ultlv  soluble  in  alcohol,  insoluble 

in  small,  well-stoppered  bottles^      .^'isulohide       Is    dextro-rotatorv     itQ 
sodium  tartrate,  and  75  Gm.  of  pota^^^^^pniae.      is    aextro  rotatory,    its 

water  to  make  the  solution  measure,  a     for  ravs  [a],,. 
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The  optical  analysis  of  sugar  solutions  is  effected  by  the  aid  of  the  polariscope 
(see  p.  87),  an  instrument  in  which  the  ray  of  polarized  light  is  made  to  pass 
through  a  definite  length  (usually  100  or  200  mm.)  of  a  solution  made  up  by  dis- 
solving a  definite  weight  of  the  sugar  (26.048  gm.  in  most  instruments)  in  100  cc. 
of  pure  water,  and  filtering  if  necessary.  The  plane  of  the  ray  is  rotated  thereby 
through  a  certain  angle,  and  on  rotating  the  analyzing  prism  of  the  polariscope 
through  a  correspondmg  angle  in  the  opposite  direction  the  effect  is  just  compen- 
sated for.  The  circular  scale  on  the  tube  rotated  is  graduated  in  percentage  num- 
bers, so  that  the  percentage  strength  of  the  sample  in  pure  sugar  can  be  read  off 
at  once. 

Cane  sugar  does  not  reduce  Fehling's  solution,  nor  is  it  directly  fer- 
mentable with  yeast,  as  is  glucose.     Prolonged  contact  with  the  yeast,      ■ 
however,  brings  about  an  inversion  through  the  action  of  the  soluble  . 
ferment  invertin  present  in  the  yeast,  and  then  the  products  of  the  in- 
version, dextrose  and  levulose,  at  once  ferment.     Cane  sugar  unites 
with  lime  and  strontia  to  form  insoluble  saccharates,  such  as  CjgHgoO^  + 
3CaO  and  CjgHjjO,!  +  2SrO.     Concentrated  sulphuric  acid  dehydrates 
and  chars  the  sugar,  producing  a  coke.    Prolonged  action  of  dilute  hydro- 
chloric acid  converts  sugar  into  levulinic  acid  (see  p.  545).  -^ 
^Lactoje,  or  Milk  Sugar,  CjgHjjjOu  +  HgO  (Saccharum  Lactis,  U.S. P.).   ""^ 
— ThTs  vanity  of  sugar  occurs  in  the  milk  of  the  mammalia  to  the  extent   N- 
of  from  3  to  6  per  cent.,  and  is  usually  obtained  from  the  **  whey  "  or  thin 
liquid  which  remains  when  the  casein  has  been  coagulated  by  rennet.    .1!^ 
It  crystallizes  in  hard,  white  crystals  with  i  molecule  H^O.     It  is  less 
sweet  than  cane  sugar,  and  less  soluble  in  water;  insoluble  in  alcohol,  ^ 
ether,  and  chloroform.     It  is  dextro-rotatory,  [si]ir^S^S^'     ^^  differs     .  \ 
from  cane  sugar  in  having  a  direct  reducing  power  on  Fehling's  solution. 

Mciltose,  CijHjgOjp    results  from  the  action  of  the  diastase  of   malt 
upon  starch  during  the  germination  of  cereals  (as  in  malting  of  grain),     .?" 
and  also  as  an  intermediate  product  on  boiling  starch  with  dilute  sulphuric     k". 
acid.     It  forms  fine,  white  needles,  crystallizes  with  i  molecule  of  HjO,     T 
and  is  easily  soluble  in  water.    It  is  strongly  dextro-rotatory,  [a]D=  + 137°. 
It  reduces  Fehling's  solution,  the  reducing  power  being  about  two-thirds 
that  of  glucose,  is  easily  decomposed  by  alkalies,  is  fermented  with  yeast, 
and  yields  on  hydrolysis  with  dilute  acids  only  dextro-glucose.     Neither 
maltose  nor  lactose  reduces  Barfoed's  reagent  (an  acetic  acid  solution 
of  copper  acetate),  and  in  this  way  may  be  distinguished  from  glucose. 
It  has  been  found   that  maltose  can  be  produced   by  the  action  of  an 
enzyme  maltose  on  a  concentrated  solution  of  glucose,  this  being  the 
only  synthesis  of  a  diose  from  a  monose  so  far  known.   The  same  enzyme 
maltase  may  also  work  to  split  up  maltose  into  glucose,  so  that  it  is  a 
reversible  reaction. 

Isomaltose,  Cp^Hj^Oj,,  is  formed  synthetically  from  dextro-glucose 
by  the  prolonged  action  of  strong  hydrochloric  acid  at  10^-15°,  and  is 
contained  in  commercial  starch  sugar  because  of  such  retrograde  action. 
It  is  also  a  product  of  the  action  of  diastase  upon  starch,  and  is  present 
in  malt;  as  it  undergoes  fermentation  only  slowly,  it  is  usually  present 
unchanged  in  fermented  malt  liquors,  such  as  beer  (amounting  to  25-30 
per  cent,  of  the  beer  extract,  at  times) .  It  is  intensely  s^eet.^  ^xA  Ocv'axsj^^ 
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at  65°  into  yellowish-brown  products  of  roasting,  which  are  also  sweet 
and  give  character  to  the  roasted  malt. 

The  most  important  trisaccharide  or  hexotriose  is 

Melitriose  or  Raffinose,  CigHggOjg  +  sHjO. — This  sugar  is  found  in 
the  sugar-beet,  and  hence  obtained  in  the  working  of  the  molasses  from 
the  same;  also  in  the  Eucalyptus  manna,  in  cotton-seed  cake,  etc. 
Is  less  soluble  in  water  than  cane  sugar,  and  almost  devoid  of  sweet 
taste.  Strongly  dextro-rotatory,  [a]D=io3.9°.  It  does  not  reduce 
Fehling's  solution.  Readily  fermentable  with  yeast.  When  inverted, 
yields  first  fructose  and  melibiose  and  the  latter  is  then  decomposed 
into  galactose  and  dextro-glucose. 

The  crystallizable  polysaccharides  mentioned  are  as  yet  of  slight 
importance.  The  uncrystallizable  polysaccharides,  on  the  other  hand, 
include  compounds  of  the  greatest  importance  in  the  growth  of  vegetable 
life,  and  as  the  basis  of  food  preparations  used  for  himian  sustenance. 

Starchy  (CgHjyOJn    (Amylum,  U.S. P.),    is    very    widely  distributed, 

beingxDntained^n  all  assimilable  plants,  in  which  it  constitutes  a  reserve 

material.  As  such  it  is  contained  especially  in  the  roots,  tubers,  seeds, 
fruit,  and  in  the  medullary  rays  of  the  trees  during  the  winter.  During 
the  movement  of  the  sap  of  the  plant  it  is  changed  into  sugar.  Starch 
is  extracted  practically  from  potatoes  (containing  21  per  cent.),  from 
maize,  or  Indian  com  (containing  50  per  cent.),  from  wheat  (containing 
64  per  cent.),  and  from  rice  (containing  77  per  cent).  Specially  rich  in 
starch  also  are  the  tropical  plants,  such  as  arrow-root,  sago,  and  manihot. 

Starch  consists  of  a  white,  velvety,  somewhat  hygroscopic  powder, 
recognized  under  the  microscope  as  made  up  of  granules  of  round  or 
slightly  elongated  shape  which  show  a  concentric  structure.  The  in- 
terior substance  of  the  granule,  or  the  true  starch  material,  is  called 
"granulose,"  and  is  readily  dissolved  under  the  action  of  diastatic  fer- 
ments, while  the  exterior  shell  is  a  cellulose  material  called  *' farinose, " 
and  is  not  acted  upon  by  ferments. 

The  most  complete  classification  of  the  starches  is  that  of  Muter,  as 
amplified  by  Blyth,  by  which  they  are  divided  into  five  groups,  on  the 
basis  of  their  physical  and  microscopical  differences,  as  follows: 

(a)  The  potato  group  includes  such  oval  or  ovate  starches  as  give  a 
play  of  colors  when  examined  by  polarized  light  and  a  selenite  plate, 
and  have  the  hilum  and  concentric  rings  clearly  visible.  It  includes 
tons -les -mots,  or  canna  arrow-root,  potato  starch,  maranta,  or  St.  Vincent 
arrow-root.  Natal  arrow-root,  and  curcuma  arrow-root. 

(b)  The  leguminous  starches  comprise  such  round  or  oval  starches  as 
give  little  or  no  color  with  polarized  light,  have  concentric  rings  all  but 
invisible,   though  becoming  apparent  in  many   cases  on   treating  the 
starch  with  chromic  acid,  while  the  hilum  is  well  marked  and  cracked 
or  stellate.    It  includes  the  starches  of  th^  bean,  pea,  and  lentil. 

(c)  The  li'heat  group  comprises  those  round  or  oval  starches  having 
both  hilum  and  concentric  rings  invisible  in  the  majority  of  granules. 
It  includes  the  starches  of  wheat,  barley,  rye,  chestnut,  and  acorn,  and 
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a  variety  of  starches  from  medicinal  plants,  such  as  jalap,  rhubarb, 
senega,  etc. 

(d)  The  sago  group  comprises  those  starches  of  which  all  the  granules  ^ 
are  truncated  at  one  end.  It  includes  sago,  tapioca,  and  arum,  together  «^ 
with  the  starch  from  belladonna,  colchicum,  scammony,  podophyllum, 
canella,  aconite,  cassia,  and  cinnamon.  ■  ^ 

(e)  The  rice  group.  In  this  group  all  the  starches  are  angular  or 
polygonal  in  form.  It  includes  the  starches  of  oats,  rice,  buckwheat, 
maize,  dari,  pepper,  as  well  as  ipecacuanha. 

In  addition  to  the  differences  in  form  and  marking  mentioned  above, 
the  starch-granules  differ  in  size  according  to  their  different  sources, 
so  that  under  the  microscope  they  can  be  distinguished  by  the  measure- 
ment of  the  average  diameter  of  the  granule.  This  ranges,  according 
to  Karmarsch,  from  .01  to  .185  millimeter,  or  from  .0004  to  .0079  inch. 

Starch  is  insoluble  in  cold  water,  alcohol,  and  ether;  on  warming 
with  water  it  begins  to  swell  up  at  55°  C,  and  at  70°  to  80°  the  granules 
burst  and  it  becomes  a  uniform,  translucent  mass  known  as  "starch 
paste,"  which  is  not,  however,  a  solution,  as  the  water  can  be  frozen 
out  of  it.  Boiled  with  water  for  a  long  time  it  goes  into  solution,  one 
part  dissolving  in  fifty  parts  of  water.  The  prolonged  action  of  glycerol 
at  190°  also  causes  the  change  into  soluble  starch.  The  action  of  heat 
jpon  starch  is  to  change  it  gradually  into  dextrine,  which  is  soluble  in 
cold  water.  Both  the  starch-granules  and  the  starch  paste  are  colored 
jitensely  blue  by  iodine.  The  compound  formed  is  a  weak  addition 
compoimd,  and  the  blue  color  disappears  on  heating,  but  returns  again 
on  cooling.  This  starch  reaction  serves  to  indicate  the  existence  of  the 
starch  molecule  in  any  vegetable  extract,  and  the  gradual  breaking  down 
of  this  molecule  under  the  influence  of  hydrolysis  can  also  be  checked 
off  by  noting  the  iodine  reaction.  Thus,  under  the  influence  of  dilute 
acids  dextrine  and  dextrose  are  produced,  the  latter  eventually  as  sole 
product.  Many  ferments,  like  saliva,  the  pancreatic  ferment,  and  es- 
pecially the  diastase  of  malt,  produce  in  the  starch  a  somewhat  similar 
change,  and  yield  maltose,  CigHgaO^,  and  a  nimiber  of  intermediate 
products  between  this  and  starch.  These  changes  and  the  distinguishing 
tests  by  which  they  may  be  recognized  may  be  stated  as  follows: 

Starch gives  a  blue  iodine  reaction. 

Soluble  starch  (amylo-dextrine)    .  gives  a  blue  iodine  reaction. 

(  Erythro-dextrine        .   gives  a  violet  and  red  iodine  reaction. 
Dexthnes  \  Achroo-dextrine  .      .  gives  no  iodine  reaction. 

(  Malto-dextrine      .      .   gives  no  iodine  reaction. 
Maltose    .      .     reduces  Fehling's  solution  but  not  Barfoed's  reagent. 
Dextrose        .     reduces  Fehling's  solution  and  also  Barfoed's  reagent.* 

A  mixture  of  strong  nitric  and  sulphuric  acids  in  the  cold  acts  upon 
starch,   producing    nitro-derivatives,    collectively    known   as   xyloidin. 

lAchenin  is  prepared  from  lichens  as  a  gelatinous  mass  (Iceland  moss), 
soluble  in  water,  and  precipitable  in  flocks  on  addition  of  alcohol. 
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*  Sadtler's  Industrial  Organic  Chemistry,  3rd  Ed.,  p.  170. 
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_Ini«Zitt.^{C>HioO.,)2,  is  obtained  from  the  roots  of  Inula  helenium,  from 


the  Dahlia/Helianthus,  and  other  sources.    Forms  a  white  powder  made 
up  of  microscopical  spherules.     Easily  soluble  in  water  and  in  copper 

oxide-ammonia    (Schweizer's    reagent).      Does    not reduce    Fehling*s 

\  solution,  but  does  reduce  ammoniacal  silver"soIution. 
"T^  Glycogen,  (CgHjyOjn- — Known  also  as  animal  starch.  Is  found  most 
'  abundantly  in  the  livers  of  mammalia  and  in  notable  quantities  in  the 
tissues  of  the  embyro.  White,  amorphous  powder,  soluble  in  water 
to  an  opalescent  dextro-rotatory  liquid,  which  is  colored  red  with  iodine. 
After  the  death  of  the  animal  the  glycogen  changes  to  dextrose  very 
rapidly,  and  the  same  change  takes  place  when  it  is  boiled  with  dilute 
acids,  while  ferments  change  it  into  maltose. 

.^->,^5iziM*-_lC,.H,yO^).^, — This  substance  can  be  formed  from  starch 
by  the  action  of  dilute  acids,  of  diastase,  or  by  heat  alone.  In  the  latter 
case  the  reaction  is  merely  one  of  molecular  rearrangement,  and  may  be 
approximately  expressed  by  the  reaction  2(CgH,y05)3  =^  3(CgH,^OJ2- 
In  the  other  cases  it  is  probable  that  hydrolysis  gives  rise  to  several 
successive  changes,  and  different  dextrines  are  considered  as  being  formed 
successively,  such  as  erythro-dextrine ,  achroo-dextrine ,  and  mcUto-dextrine . 
Technically,  dextrine  is  obtained  by  the  heating  of  starch  after  moist- 
ening with  dilute  acids.  Dextrine  is  a  white  or^j|^ellowish-brown 
powder,  readily  soluble  in  water,  from  which  SoTutTofTit  may  be  precipi- 
tated on  addition  of  alcohol.  Givesaj;ed^jl^or  with^  dextro- 
rotatory. It  does  not  reduce  FeHling's  solutioim^F  Barfoed's  reagent. 
It  is  not  directly  fermentable,  but  in  the"T3fesence  of  diastase  it  goes 
over  into  fermentable  products.  Dextrine  is  used  as  a  substitute  for 
the  natural  gums  in  calico-printing  and  manufacture  of  textile  goods, 
for  a  stifferiing'material,  and  for  glazing  paper  and  card-board,  and 
enters  into  many  food  products. 

The  natural  gums  are  a  class  of  vegetable  products  which  occur  at 
times  as  amorphous,  translucent,  or  transparent  exudations,  as  in  the 
case  of  gum  arabic,  or  are  extracted  by  dilute  alkalies  from  the  plants, 
and  then  are  thrown  out  of  solution  on  addition  of  hydrochloric  acid 
a*''^'  r'.^hol,  as  in  the  case  of  the  wood-gums.  These  gums  are  soluble 
in  V  ater,  forming  thick,  sticky  solutions,  which  can  be  filtered,  however. 
'  They  do  not  reduce  Fehling's  solution,  but  by  heating  with  dilute 
acids  yield  monosaccharides  like  arabinose,  xylose,  dextrose,  and  gal- 
actose. 

Somewhat  similar  products,  but  only  partially  soluble  in  water,  are 
the  vegetable  mucilages.  These  do  not  dissolve,  but  swell  up  with  wat^r 
to  form  liquids  which  cannot  be  filtered. 

Gum  Arabic  (Arabin  or  Calcium  Arabate). — -This  substance  (Acacia, 
U.S. P.)  is  an  exudation  from  the  acacia  and  mimosa  species  of  Africa 
and  the  Orient.  It  contains  about  3  per  cent,  of  ash,  and  on  adding 
hydrochloric  acid  to  the  aqueous  solution  and  precipitating  with  alcohol, 
a  colorless,  amorj.  hous  substance  is  obtained.  This  is  arabic  acid.  On 
hydrolysis  it  yields  galactose,  arabinose,  and  a  pentabiose  named  arabi- 
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'^ 

non.    The  so-called  "metapectic  acid,"  from  the  pulp  of  the  sugar-beet, 

is  considered  to  be  identical  with  arabic  acid.  V- 

Related  to  the  acacia  gums  are  wood-gum,  from  the  wood  of  foliage     0^ 
trees,  yielding  xylose  on  hydrolysis;  cherry-gum,  the  gum  of  cherry-     ^ 
and  almond-trees,  yielding  /-arabinose  on  hydrolysis;  peach-gum,  from    ,^ 
the  peach-tree,  yielding  arabinose  and  galactose  on  hydrolysis;  barley- 
gum,  obtained  in  the  nitrogen-free  extractive  material  of  cereals,  yielding-^^  ' 
galactose  and  xylose.  "'-^^0 

Bassortn  is  the  mucilaginous  constituent  of  gum  bassorin  and  gum    ^ 
tragacauth. j[Ti-agacaiU^^    U.S.P.).  ^ 

Carragheen  is  tTie  mucilagmouS  constituent  of  Irish  moss  (Chondrus,  "^^ 
U.S. P.).     Is  not  precipitated  from  its  solutions  on  addition  of  alcohol;     > 
yields  galactose  on  hydrolysis  with  dilute  sulphuric  acid.     The  pectine       ^ 
substances  which  are  found  in  certain  fruits  like  apples  and  pears,  and    \^^ 
in  fleshy  roots  like  the  beet  and  the  carrot,  are  also  closely  related  to 
the  carbohydrates.     Their  concentrated  solutions  gelatinize  on  cooling.      "^ 

Cellulose  is  the  name  given  to  the  material  of  which  the  growing  plant-    ^[^ 
cell  is  composed ;  as  the  membrane  becomes  older  incrustations  of  mineral       \ 
salts  occur,  and  the  cellulose  also  undergoes  partial  change  into  lignin,      \ 
a  closely  related  substance.  VJ 

^  rAlliiljSf  ^^^  insoluble  in  the  ordinary  solvents,  and  therefore  to  prepare      1/ 
it  in  a  state  of  purity  the  plant-fibres  like  cotton  and  flax  are  treated    ^ — ^ 
successively  with  water,  alcohol,  ether,  dilute  alkalies,  dilute  hydro-        »• 
chloric  and  hydrofluoric  acids.     The  residual  fibre  is  then  chemically      "^ 
pure  cellulose.     We  have  an  example  of  this  in  Swedish  filter  paper,    "^ 
which  has  been  prepared  in  this  way  for  quantitative  analytical  use.    "^ 
The  cotton  fibre  is  also  conveniently  purified,  and  then  furnishes  a  very     Xi 
pure  cellulose  (Gossypium  Purificatum,  U.S. P.).      Pure   cellulose  is 
amorphous,  and,  as  stated,  insoluble  in  ordinary  solvents.    It  is  soluble,     X 
however,  in   an  ammoniacal  solution  of  cu£ricJtiyjirQXide  (Schweizer's  | J? 
^7f>agpr»t),  andTis  tKirowTTnout' of  this  solution  on  addition  of  acids  and  salts.  -^ 
After  washing  with  alcohol  it  forms  a  white,  amorphous  powder.    Boiling    .  ^ 
with  dilute  acids  converts  it  into  dextrine  and  dextrose,  while  concen-    ^ 
trated  sulphuric  acid  converts  it  into  amyloid,  an  amorphous,  translucent  "^-~^ 
mass. 

In  the  manufacture  of  parchment-paper  advantage  is  taken  of  this  amyloid 
formation.  Unsized  paper  is  passed  rapidly  through  strong  sulphuric  acid,  which 
causes  a  superficial  change  of  the  cellulose  into  amyloid ;  the  paper  is  then  washed 
with  water  to  free  it  from  the  adhering  acid  and  hung  up  to  ary.  The  paper  is 
thus  made  much  stronger  and  less  pervious  to  liquids,  as  the  pores  are  filled  with 
the  colloidal  cellulose. 

A  mixture  of  nitric  and  sulphuric  acids  has  a  "nitrating  effect,*'  and 
gives  rise  to  a  series  of  nitric  esters  or  so-called  *'  nitrocelluloses.  **  Taking 
the  formula  of  cellulose  as  012^.^0^^^,  we  have  a  series  beginning  with  a 
dinitrate,  C,2HigOa(N03)2,  and  running  to  the  hexanitrate,  Ci2Hi^O^(N03)j. 
Of  these  the  highest  (the  hexanitrate)  constitutes  the  true  explosive 
gun-cotton,  and  is  insoluble  in  alcohol,  ether,  or  a  mixture  of  the  two. 
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A  mixture  of  the  tetranitrate  and  the  trinitrate,  on  the  other  hand, 
constitutes  Pyroxylin,  U.S. P.,  and  is  soluble  in  a  mixture  of  alcohol 
and  ether,  the  solution  forming  Callnrlifrni  ^T.S  P  In  the  preparation 
of  this  latter  the  Pharmacopoeia  prescribes  the  dissolving  of  40  grams 
of  pyroxylin  in  a  litre  of  the  solvent,  made  up  of  3  parts  of  ether  and 
I  part  of  alcohol.  From  this  solution  on  evaporation  of  the  solvent 
the  pyroxylin  is  left  as  a  transparent,  flexible  film. 

Celluloid  will  be  noted  imder  the  ** Industries  of  the  Carbohydrates," 
following  this  section. 

Cellulose  xanthate  (obtained  by  the  action  of  carbon  disulphide  upon 
alkali  treated  cellulose),  and  cellulose  acetate  are  both  manufacttu*ed  as 
the  basis  of  artificial  silk  fibre. 

Lignin  is  the  alteration  substance  which  in  most  kinds  of  wood  in- 
crusts  the  true  cellulose.  It  is  not  affected  by  dilute  acids  and  alkalies, 
but  is  readily  oxidized  and  dissolved  by  chlorate  of  potash  and  nitric 
acid.  It  shows  two  very  characteristic  color  reactions:  it  is  colored 
intensely  yellow  with  aniline  sulphate,  and  bright  red  with  a  solution  of 
phloroglucin  in  strong  hydrochloric  acid.  These  tests  serve  to  identify 
bleached  wood-fibre  in  paper  in  which  it  may  be  present. 

Tunicin  (Animal  Cellulose)  is  a  closely  related  material  found  in  the 
tissues  of  some  animals  (Ascidia).  It  is  amorphous,  and  insoluble  in 
ordinary  solvents,  but  soluble  in  copper  oxide-ammonia  solution.  It 
yields  glucose  on  hydrolysis. 

INDUSTRIES    OF    THE    SUGARS,    STARCH    AND    CELLULOSE. 

I.  The  Manufacture  of  Raw  and  Refined  Sugars. — The  two  sources  for  the 
industrial  manufacture  of  sugars  have  already  been  stated  to  be  the  sugar- 
cane and  the  sugar-beet.  The  former  is  grown  chiefly  in  the  tropics,  West  Indies, 
Java,  Brazil,  Central  America,  and  Louisiana.  The  juice  is  extracted  by  crushing 
in  roll-mills,  or  by  the  process  of  diffusion,  the  cane  having  been  cut  obliquely  in 
chips.  It  is  at  once  treated  with  milk  of  lime  in  order  to  neutralize  the  organic 
acids  present,  which  otherwise  would  start  fermentation  and  rapidly  "invert" 
the  cane  sugar.  This  is  called  "defecating,"  and  causes  the  rising  of  a  scum  of 
lime-salts,  which  is  skimmed  off.  The  juice  properly  defecated  is  then  to  be  evap- 
orated. This  is  almost  universally  effected  in  vacuum-pans,  several  of  which  may 
be  connected,  forming  a  "double  effect  "  or  "triple  effect "  pan.  Bv  this  means  the 
juice  is  rapidly  concentrated  at  a  relatively  low  temperature,  and  so  the  darken- 
ing of  the  product  is  prevented  as  well  as  the  formation  of  molasses.  Sulphurous 
acid  or  sulphites  are  also  used  at  times  to  bleach  the  juice.  The  product  of  this 
evaporation  then  allowed  to  crystallize  gives  us  the  raw  sugar  and  a  molasses  or 
syrup.  This  latter  is  made  to  yield  a  second  grade  of  sugar.  In  the  extraction  of 
sugar  from  the  sugar-beet,  the  process  of  diffusion  is  almost  universally  applied, 
the  beets  being  sliced  and  then  being  placed  in  large  vessels  called  diffusion-cells. 
These  are  arranged  in  batteries  of  eight,  ten.  or  a  dozen,  and  warm  water  is  passed 
through  them,  taking  up  successively  more  and  more  of  the  sugar  until  the  solu- 
tion is  quite  strong  while  the  beets  are  becoming  more  and  more  exhausted.  This 
solution  is  then  treated  with  an  excess  of  lime,  and  the  excess  removed  by  what 
is  termed  carbonatation  with  carbon  dioxide  gas.  The  insoluble  carbonate  of  lime 
is  then  removed  by  the  aid  of  a  filter-press,  and  the  juice  obtained  clear.  The 
liming  and  treatment  with  carbon  dioxide  may  be  repeated,  and  then  the  juice 
is  concentrated  to  the  crystallizing  point  in  the  vacuum-pan.  The  refining  of  raw 
sugars,  whether  from  the  sugar-cane  or  the  sugar-beet,  is  essentially  the  same. 
The  raw  sugars  are  "melted,"  that  is,  dissolved  in  hot  water,  and  then  the  solu- 
tion is  defecated  with  the  aid  of  blood  albumin,  filtered  through  bag-filters  (or 
filter-presses  in  the  case  of  beet  sugar),  and  then  through  bone-black,  from  which 
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it  comes  practically  colorless.  It  is  then  evaporated  in  vacuum-pans  to  the  crys- 
tallizing point  or  "strike,"  and  allowed  to  cool  and  thoroughly  crystallize.  The 
magma  of  crystals  and  syrup  is  then  put  into  a  centrifugal  and  the  syrup  separated. 
The  grocery  sugars  are  ready  for  barreling  as  they  come  from  the  centrifugal, 
while  the  white  crystal  sugars  are  dried  by  a  current  of  hot  air  before  being  finished. 

a.  The  Manufacture  of  Commercial  Glucose. — This  is  made  exclusively  from 
starch  by  the  action  of  dilute  acids,  and  in  this  cotmtry  the  starch  used  is 
that  obtained  from  Indian  com.  Sulphuric  acid  is  generally  employed,  and  the 
inversion  of  the  starch  is  carried  out  in  either  open  or  closed  "converters. "  The 
amount  of  oil  of  vitriol  used  is  from  one-half  pound  to  one  and  a  quarter  pounds 
per  hundred  pounds  of  starch.  The  starch  and  water  are  taken  of  a  gravity  of 
from  18°  to  21**  B.,  and  the  pressure  amounts  to  from  forty-five  to  seventy-five 
pounds  per  square  inch.  In  the  manufacture  of  "glucose  syrup,"  the  conversion 
IS  not  so  complete,  and  the  quantity  of  dextrine  is  larger  than  where  the  solid 
"grape  sugar  is  to  be  obtained  as  the  product.  Anhydrous  crystallized  dextrose 
can  also  be  obtained  as  the  end  product  of  this  inversion  of  starch  by  Dr.  Behr's 
patent. 

3.  The  Manufacture  of  Starch. — Starch  is  obtained  commercially  from  Indian 
com,  from  wheat,  and  from  potatoes.  As  made  from  corn  in  this  country, 
the  com  is  first  steeped  in  water  at  a  temperature  not  exceeding  140°  F.  for  from 
three  to  ten  days,  the  water  being  renewed  frequently.  The  softened  com  is  then 
ground  between  burr-stones,  while  a  stream  of  water  is  kept  running  continuously 
into  the  hopper.  As  it  is  groimd,  the  thin  paste  is  carried  on  to  a  series  of  rotating 
or  shaking  sieves.  The  magma  so  obtained  is  then  run  over  inclined  sieves  of  silk 
bolting-cloth,  when  the  starch  goes  through  as  a  milky  liquid,  and  is  run  into  set- 
tling vats.  It  is  here  treated  with  a  weak  alkaline  solution,  to  dissolve  and  remove 
the  gluten,  oil,  etc.,  and  thoroughly  washed  by  agitation  and  decantation.  It  is 
finally  allowed  to  settle,  and  dried  nrst  in  boxes  with  perforated  bottom,  and  then 
upon  plaster  of  Paris  supports  while  dried  with  warm  air.  56  lbs.  of  com  in  this 
way  are  made  to  yield  28  lbs.  of  purified  starch.  In  the  manufacture  of  starch 
from  wheat,  the  large  amount  of  gluten  makes  it  necessary  to  take  measures  to 
remove  it.  This  is  done  in  the  "sour"  process  by  fermentation,  the  acetic  and 
other  organic  acids  produced  rapidly  dissolving  the  gluten  and  liberating  the 
starch-granules. 

^.  The  Mfiniifnn»ii««  ttf  T^mypw  fi ■  inT-f^TTiiT^^gV — The  materials  utilized  in  paper- 
making,  are  all  cellulose-containing  substances,  such  as  linen  and  cotton  rags, 
esparto  grass,  straw,  jute,  manila,  and  wood-fibre.  The  first  chemical  treat- 
ment after  the  mechanical  preparation  of  the  material  is  ordinarily  the  boiling 
with  caustic  alkali.  In  the  case  of  the  rags,  this  has  the  effect  of  thorough  cleans- 
ing; in  the  case  of  esparto,  straw,  etc.,  it  combines  with  the  resin  and  silica,  liber- 
ating the  cellulosic  fibre;  in  the  case  of  wood,  however,  the  action  is  necessarily 
a  more  fundamental  one,  as  the  true  cellulose  is  not  only  incrusted  with  mineral 
matter,  but  combined  with  lignin.  In  the  preparation  of  chemical  wood-pulp, 
there  are  two  distinct  processes,  the  "soda-pulp  process"  and  the  "sulphite  pro- 
cess." In  the  former,  the  chipped  wood  is  digested  under  several  atmospheres* 
pressure  with  caustic  alkali  to  effect  its  disintegration;  in  the  latter,  calcium  or 
magnesium  bisulphite  is  used,  also  under  considerable  pressure,  to  effect  this 
disintegration.  After  a  thorough  washing  of  the  disintegrated  pulp,  it  may  be 
bleached  if  intended  for  white  paper.  This  is  done  with  bleaching-powder  solu- 
tion, the  excess  of  chlorine  being  removed  with  sodium  thiosulpnate,  known 
therefore,  as  "antichlor. "  The  bleached  pulp  is  then  mixed  with  the  proper  filling 
material  and  sizing,  and  is  ready  to  go  to  the  "fourdrinier"  or  paper  machine. 

5.  The  Manufacture  of  Gun-cotton,  Pyroxylin,  and  Celluloid. — In  the  manu- 
facture of  the  true  gun-cotton,  the  maximum  of  nitration  is  sought,  and  the 
nitrating  mixture  is  hence  of  the  strongest  nitric  and  sulphuric  acids,  in  the  pro- 
portion of  3  parts  of  the  latter  to  i  part  of  the  former.  This  acid  mixture  is  cooled 
first,  and  then  the  cotton  is  immersed  and  left  for  twenty-four  hours  to  complete 
the  nitration.  It  is  then  centrifugated,  stirred  up  thoroughly  with  cold  water, 
again  centrifugated  and  washed  systematically  with  warm  water  to  which  some 
soda  has  been  added.  The  gun-cotton  is  usually  preserved  in  the  moist  state, 
and  dried  only  when  needed  for  use.  The  explosive  variety  of  gun-cotton  may 
be  used  either  as  loose  fibre  or  as  compressed  cartridge  or  paper  sheets.  When 
lighted,  it  bums  quickly  without  smouldering  or  leaving  any  residue.  When 
heated  slowly  it  begins  to  decompose,  and  above  130**  C.  it  explodes.    It  is  insolu- 
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ble  in  water,  alcohol,  ether,  chloroform,  and  acetic  add,  in  dilute  acids  and  alka- 
lies.   It  is  somewhat  soluble  in  acetone  and  wood-spirit. 

In  the  manufacture  of  pyroxylin,  or  soluble  gun-cotton,  the  nitric  acid  taken 
is  less  concentrated,  and  a  somewhat  higher  temperature  is  used.  Potassium  or 
sodium  nitrate  is  also  used  at  times  with  the  sulphuric  acid  as  the  nitrating  mixture, 
so  parts  of  pulverized  potassium  nitrate  with  31  parts  of  sulphuric  acid  of  1.835 
sp.  gr.  may  be  used.  In  this  mixture  the  cotton  may  be  left  for  24  hours  at  a  tem- 
perature of  from  a8®  to  30**  C.  If  relatively  stronger  nitrating  mixtures  are  used, 
the  time  of  inunersion  msiy  be  much  reduced. 

The  pyrox>rlin  obtained  is  washed  with  cold  water  until  it  shows  no  acid  reaction 
and  finally  with  boiling  water. 

In  recent  years  an  important  class  of  metal  varnishes  or  lacquers  have  been  in- 
troduced in  which  pyroxylin  is  the  basis.  This  is  dissolved  in  either  methyl  alco- 
hol, acetone,  methvl  and  amyl  acetates,  or  mixtures  of  these.  Petroleum  naphtha 
is  also  added  to  these  solvents  to  facilitate  the  drying.  These  varnishes  leave  a 
perfectly  transparent  and  flexible  film  of  pyroxylin,  which  protects  the  metal  to 
which  it  has  been  applied  and  will  not  crack  or  peel  when  properly  used. 

The  conversion  ot  oyroxyUn  into  celluloid  is  accomplished  by  effecting  a  thorough 
incorporation  with  tne  former  of  a  certain  amoimt  of  camphor.  It  is  possible  to 
accomplish  this  by  heat  without  the  use  of  any  solvent,  for  either  the  camphor  or 
the  pyroxylin,  as  the  camphor  at  the  temperature  of  its  fusion  becomes  a  simicient 
solvent  for  the  pyroxylin  to  effect  complete  physical  admixture.  The  mixture 
of  the  two  materials  is  made  while  the  pyroxyhn  is  still  in  a  partiaUv  moist  condi- 
tion, and  they  are  ground  together  with  care  in  closed  dnmis.  The  mixture  is 
then  put  through  heated  rolls. to  melt  the  camphor  and  cause  them  to  combine. 
If  coloring  matter  is  to  be  added,  it  is  put  in  before  this  melting  of  the  camphor, 
which  distributes  it  uniformly.  The  camphor  may  also  be  used  in  solution  in 
methyl  or  ethyl  alcohol. 

The  product  is  the  well-known  celluloid,  which  may  be  transparent  or  opaque, 
colored  uniformly,  or  mottled  and  striated  in  imitation  of  ivory,  coral,  amber, 
tortoise-shell,  agate,  and  other  substances.  It  cannot  be  caused  to  explode  by 
heat,  friction,  or  percussion.  It  is  readily  soluble  in  glacial  acetic  acid,  and  on 
diluting  with  water  both  camphor  and  pyroxylin  are  reprecipitated.  It  is  rapidly 
soluble  in  warm,  moderately  concentrated  nitric  acid,  and  also  with  ease  in  a  hot 
concentrated  solution  of  caustic  soda.  Ether  dissolves  out  the  camphor  from 
celluloid,  and  wood  spirit  behaves  similariy.  Ether-alcohol  (3  to  i)  dissolves 
both  the  nitro-cellulose  and  camphor,  leaving  the  coloring  and  inert  matters  as  a 
residue.  The  density  of  celluloid  ranges  from  1.3 10  to  1.393.  When  heated  to 
125®  C.  it  becomes  plastic,  and  can  be  moulded  into  any  desired  shape. 

X.     Fermentation  and  Fermentation  Industries. 

We  include  under  the  name  of  fermentations  certain  methods  of 
decomposition  of  organic  compounds  which  presuppose  the  presence 
of  definite  substances  called  "ferments/'  which  do  not,  however,  ap- 
parently take  part  in  the  chemical  reactions  but  act  after  the  manner 
of  the  inorganic  catalytic  agents.  Their  presence  in  relatively  small 
amount  suffices  to  bring  about  the  decomposition  of  large  quantities 
of  the  fermentable  material. 

The  ferments  which  seem  to  determine  the  decomposition  may  be 
either  soluble  unorganized  ferments  or  insoluble  organized  ferments, 
which  are  minute  vegetable  growths.  The  decompositions  which  are 
brought  about  by  organized  ferments  differ  quite  notably  in  their 
results  from  those  which  can  be  induced  by  mere  chemical  reagents. 
Thus,  the  decomposition  of  sugar  into  alcohol  and  carbon  dioxide,  as 
it  is  brought  about  by  the  activity  of  the  yeast-cell,  cannot  be  brought 
about  by  purely  chemical  treatment.  On  the  other  hand,  the  action 
of  the  unorganized  ferments  is  much  more  analogous  to  that  induced 
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by  chemical  reagents.  Thus,  the  hydrolytic  action  of  diastase  on  starch 
can  also  be  perfectly  imitated  by  treating  with  dilute  acids.  Buchner 
has,  however,  recently  shown  that  the  liquid  expressed  from  fresh  yeast 
cells  after  triturating  them  can  produce  all  the  changes  attributed  to  the 
cells  themselves,  and  that  it  owes  its  activity  to  an  enzyme  called  zymase 
which  is  produced  by  the  cells. 

With  regard  to  the  chemical  nature  of  the  enzymes,  or  soluble  ferments, 
we  only  know  that  they  belong  to  the  class  of  proteids.  A  recent  analysis 
of  diastase  by  Lintner  may  be  taken  as  typical  of  the  class:  carbon 
46.66  per  cent.;  hydrogen,  7.35  per  cent.;  nitrogen,  10.42  per  cent.; 
sulphur,  1. 12  per  cent.;  and  oxygen,  34.45  per  cent. 

While  soluble  in  water  and  glycerol  they  are  insoluble  in  alcohol, 
and  are  precipitated  from  aqueous  solution  on  addition  of  lead  acetate. 
Their  activity  is  destroyed  by  heating,  that  of  diastase  at  75°  C,  and 
all  by  boiling  with  water.  Their  activity  is  not  destroyed  by  the  presence 
of  antiseptics,  which  arrest  the  action  of  the  organized  ferments.  Thus, 
chloroform,  thymol,  and  salicylic  acid  will  all  arrest  the  activity  of  the 
organized  growth  but  not  interfere  with  that  of  the  soluble  ferments. 
Sodium  fluoride  in  i-per-cent.  solution  is  said  to  entirely  check  the  growth 
of  the  organized  ferment,  but  is  without  action  on  those  which  are  soluble. 

I  oremost  among  the  soluble  ferments  is  diastase.  This  is  the  ferment 
formed  from  the  albuminoids  of  the  cereals  during  the  process  of  germi- 
nation. It  is  specially  developed  in  the  malting  process  as  applied  to 
barley.  Its  chief  function  is  the  saccharification  of  the  starch  of  the 
grain,  changing  it  into  dextrine,  maltose,  and  dextrose.  The  chemical 
reactions  may  be  summarized  as  follows: 

(C6Hio06)8     -f-     H2O     .-:     CiaHaoOio     -f-     CeHiaOe. 
(C6Hio06)8     -f     2HaO      -     CiaHasOii  CeHiaOe. 

(CeHio05)3     -     3HaO     ---r.     sCeHiaOe. 

The  amount  of  starch  that  a  given  quantity  of  diastase  can  convert 
cannot  be  stated  with  absolute  certainty,  as  it  varies  with  the  conditions 
of  its  preparation,  the  strength  of  the  infusion,  and  other  points.  Its 
progress  can,  of  course,  be  controlled  by  the  iodine  reaction,  as  stated 
under  starch.  Commercial  extracts  of  malt  are  infusions  of  malted 
barley,  which  contains  the  products  of  the  inversion  of  the  starch.  The 
solid  extracts  obtained  by  evaporation  of  these  infusions  in  vacuo  at 
low  temperatures  should  be  readily  soluble,  and  should  show  that  they 
still  contain  active  diastatic  ferment  by  being  able  to  convert  their  own 
weight  of  starch  within  a  short  time.  The  saliva  also  contains  a  soluble 
ferment,  which  is  sometimes  called  salivary  diastase,  because  of  its 
similarity  to  the  vegetable  diastase.  The  nsLme  Ptyalin  is  also  given  to 
this  substance  at  times.  Another  ferment  of  similar  character  is  the 
amylopsin  of  the  pancreatic  juice. 

Invertin  (or  Invertase)  is  found  in  the  yeast-plant,  and  is  capable 
of  inverting  cane  sugar  according  to  the  reaction  C,2H.^0ii  +  H,0  — 
aCjHijOj.      Its  presence  here  explains  why  cane  sugar  will  ferment  in 
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the  presence  of  yeast  after  some  considerable  time,  the  invertase  having 
meanwhile  caused  its  change  into  invert  sugar.  The  same  ferment 
seems  to  be  present  in  the  intestinal  juice,  where  its  ftmction  is  to  make 
the  cane  sugar  of  foods  assimilable  by  first  converting  it  into  invert  sugar. 

Emulsin  (or  Synaptase)  is  found  in  sweet  and  bitter  almonds.  Its 
function  as  a  soluble  ferment  is  to  decompose  glucosides.  Thus,  it  de- 
composes the  amygdalin  of  the  bitter  almond,  saUcin,  helicin,  phloridzin. 
and  arbutin. 

Myrosin  is  a  similar  ferment  found  in  the  black  mustard  seeds,  which 
by  its  action  on  the  myronate  of  potash  in  the  seed  liberates  the  mustard 
oil  as  one  of  the  decomposition  products. 

Pepsin,  contained  in  the  gastric  juice  of  animals,  and  trypsin,  found 
in  the  pancreatic  juice,  both  have  what  is  termed  a  "proteolytic"  power, 
or  ability  to  digest  or  decompose  proteid  matter. 

Pepsin,  U.S.P.,  is  described  as  "a  proteolytic  ferment  or  enzyme 
obtained  frotn  the  glandular  layer  of  fresh  stomachs  from  healthy  pigs, 
and  capable  of  digesting  not  less  than  3000  times  its  own  weight  of 
freshly  coagulated  and  disintegrated  egg  albumin."  It  is  obtained 
as  a  fine  white  or  yellowish-white  powder  or  in  scales  or  grains,  soluble 
in  water  or  glycerol,  but  insoluble  in  alcohol.  It  can  bear  a  dry  heat 
of  110°  without  losing  its  activity,  but  heated  with  acidulated  water  to 
ioQ°  it  is  deprived  of  all  proteolytic  power.  The  products  which  result 
from  the  action  of  pepsin  and  trypsin  upon  albuminoid  material  are 
called  peptones.  The  pancreatic  juice  contains  besides  the  trypsin 
another  soluble  ferment  known  as  steapsin,  which  has  the  power  of 
emulsifying  and  partially  saponifying  fats.  The  mixture  of  enzymes 
naturally  existing  in  the  pancreas  of  warm-blooded  animals  and  usually 
obtained  from  the  fresh  pancreas  of  the  hog  is  the  Pancreatinum, 
U.S.?. 

Corresponding  to  these  peptonizing  ferments  of  animal  origin  is  a 
vegetable  ferment,  papain,  obtained  from  the  milky  juice  of  Carica 
papaya.  It  is  a  white,  amorphous  powder,  soluble  in  water  and  glycerol. 
It  peptonizes  proteids  very  readily,  acting  like  trypsin.  It  is  claimed 
for  it,  moreover,  that  it  digests  and  removes  the  membrane  of  croup 
and  diphtheria. 

The  ferment  which  is  extracted  from  the  mucous  membrane  of  the 
stomach,  and  which  has  the  power  of  coagulating  the  casein  of  milk, 
has  been  called  rennin  (or  pr^sure).  The  preparation  called  rennet  is 
usually  obtained  from  the  stomach  of  the  calf. 

Urease  is  the  name  given  to  the  enzyme  which,  equally  with  organized 
ferments,  is  capable  of  bringing  about  the  ammoniacal  fermentation. 
The  reaction  for  the  decomposition  of  urea  is  CO  (N  112)2  +  ^H^O  = 
(NH,)2C03. 

A  few  additional  enzymes  have  been  specifically  studied,  such  as 
pectase,  characteristic  of  the  pectic  fermentation  of  fruits,  etc. 

The  organized  ferments  or  vegetable  growths  may  be  divided  into 
three  classes:  first,  mould  growths;  second,  yeast-plants,  or  the  different 
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species  and  varieties  of  Saccharomyces ;  and  third,  bacteria,  belonging 
to  several  different  genera. 

The  mould  growths  at  times  are  able  to  induce  fermentations,  but 
their  action  consists  much  more  in  secondary  changes  effected  in  the 
fermenting  bodies  or  the  products  of  fermentation.  Penicillium  glaucum, 
the  most  widely  distributed  mould  growth,  is  capable  of  bringing  about 
a  niunber  of  chemical  decompositions.  It  is  said  to  furnish  a  soluble 
ferment  capable  of  inverting  cane  sugar.  Aspergillus  glaticus  possesses 
a  diastatic  ferment.  For  the  preparation  of  the  Japanese  sak^  (or  rice- 
wine)  is  used  the  Aspergillus  oryzce,  which  comes  on  the  rice  grains. 
The  varieties  of  Mucor  (Af .  racemosus  and  M.  ntucedo)  develop  some 
degree  of  fermentation  in  dextrose,  invert  sugar,  and  maltose.  Oidium 
lactis  is  found  in  milk. 

Much  the  best  defined  of  all  these  changes,  however,  is  the  alcoholic 
fermentation  as  developed  by  the  activity  of  the  yeast-plant.  As  before 
stated,  it  is  sugars  of  the  formula  C^^fi^  that  are  directly  acted  upon. 
According  to  Pasteur,  about  95  per  cent,  of  the  sugar  is  decomposed, 
according  to  the  reaction  CgHjjOg  =  2C2HgO  +  2CO2,  while  the  rest  is 
decomposed  according  to  secondary  reactions,  yielding  a  variety  of 
products,  of  which  glycerol  and  succinic  acid  are  the  most  notable. 
This  most  important  reaction  is  developed  by  the  species  of  the  genus 
Saccharomyces.  The  species  Saccharomyces  cerevisicB  is  recognized  as 
the  special  ferment  of  beer,  while  Saccharomyces  ellipsoideus  is  the  fer- 
ment of  wine.  Of  the  5.  cerevisicB,  moreover,  two  well-characterized 
varieties  can  be  distinguished.  The  first  of  these  is  most  active  at  ordi- 
nary temperatures  (i6°-20°  C),  and  develops  its  full  fermentative  activity 
in  the  course  of  3  to  4  days;  the  second  develops  its  activity  at  a  lower 
temperature  (6°-8°  C),  and  the  action  is  much  slower.  The  first  of  these 
yeast-plants,  placed  in  a  sugary  liquid,  is  brought  by  the  Hberated 
carbon  dioxide  to  the  surface,  and  hence  is  said  to  develop  a  surface 
fermentation,  while  the  second  remains  at  the  bottom  during  its  whole 
activity,  and  the  action  is  called  a  bottom  fermentation.  Upon  the  use 
of  these  two  varieties  is  based  two  distinct  methods  of  beer  brewing. 

Within  recent  years  much  attention  has  been  paid  to  pure  cultures 
of  the  yeast-plant,  and  in  this  way  much  more  regular  and  uniform 
fermentations  have  been  produced  with  the  result  in  a  better  product. 
This  work  has  been  done  largely  by  Hansen,  of  Copenhagen. 

The  special  conditions  of  the  alcoholic  fermentation  are  :  first,  an 
aqueous  sugar  solution  containing  i  part  of  sugar  to  from  4  to  10  parts 
of  water.  Second,  the  presence  of  a  yeast  ferment  or  the  press-juice 
from  the  same.  If  this  is  not  added  in  already  developed  and  active 
condition,  or  if  the  fermentation  is  to  be  a  spontaneous  one, — that  is, 
brought  about  by  the  spores  present  in  the  air, — the  conditions  for  the 
growth  of  the  yeast-spores  must  be  present;  the  solution  must  contain 
protein  material  and  phosphates  of  the  alkalies  and  alkaline  earths. 
Third,  the  temperature  must  range  between  the  limits  5^-30®  C,  or, 
more    narrowly,    (f-2^^.    Above  30°  the  butyric  fermentation   t^tL<d& 
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to    develop    rather    than    the    alcoholic,    and    other    decompositions 
ensue. 

Ehrlich  has  recently  shown  that  the  fusel  oil  (see  p.  513)  in  the  ordinary 
fermentation  is  produced  not  from  the  sugar  but  from  the  products  of 
decomposition  of  proteid  matter  such  as  the  amido-acids  and,  more- 
over, not  by  the  action  of  bacteria  but  tmder  the  influence  of  the  vital 
activity  of  the  yeast  itself.  The  most  important  of  the  amido-acids  in 
this  connection  are  leucin  (see  p.  537)  and  isoleucin. 

The  nimiber  of  changes  brought  about  by  organized  ferments  of  the 
third  class  or  bacteria  is  very  great.  Thus,  Bacillus  subtilis,  B,  amyla- 
bacter,  and  B.  termo  bring  about  a  peptonization  of  albuminoids  which, 
under  the  influence  of  these  bacteria,  decompose  into  leucin,  tyrosin, 
and  ammonia.  The  butyric  acid  ferment  seems  to  be  the  starch  con- 
verting Bacillus  amylobacier  (Clostridium  butyricum.  Vibrio  butyricus),  al- 
though butyric  acid  is  not  the  only  product  developed  by  it.  Under  the 
influence  of  this  bacteritmi,  along  with  butyric  acid,  starch  solutions 
yield  dextrine  and  sugar.  Bacterium  termo  develops,  also,  a  general 
putrefaction.  As  lactic  acid  ferments,  a  ntmiber  of  bacteria,  which  have 
been  only  partially  studied,  are  designated.  The  ones  most  widely  dis- 
tributed are  Bacillus  acidi  lacti  and  Micrococcus  prodigiosus. 

The  acetic  fermentation  is  developed  by  at  least  three  kinds  of  bacteria. 
Bacterium  aceti  was  discovered  by  Pasteur,  while  Hansen  has  foimd 
two  additional  acetic  ferments,  Mycoderma  cereuisics  and  Mycoderma 
pasieurianum,  the  latter  being  the  most  characteristic. 

A  series  of  bacteria  which  develop  turbidity  in  beer  as  well  as  an  un- 
pleasant odor  and  taste  are  known  collectively  as  "Sarcina.  *'  The 
most  important  of  them,  discovered  by  Lintner,  is  Podiococcus  cerevisia:. 

The  acetic  fermentation  is  that  which  most  readily  develops  from 
the  alcoholic  and  follows  it  often  as  a  spontaneous  change.  It  requires, 
besides  the  presence  of  a  dilute  alcohol  or  alcohol  containing  liquid,  the 
presence  of  nitrogenous  compounds  and  salts,  and  is,  above  all,  what 
is  termed  an  aerobic  fermentation, — that  is,  requires  the  presence  of 
oxygen.  The  temperature  most  favorable  for  the  development  of  the 
acetic  ferment  is  between  18°  and  35°C.  The  reaction  is  purely  one  of 
oxidation,  CgH^O  +  0^=  CjH^Oo  +  HjO,  and  can  be  brought  about 
by  chemical  means,  such  as  the  action  of  platinum  black  on  dilute 
alcohol,  etc. 

The  lactic  fermentation  takes  place  without  the  necessity  of  oxygen, 
and  hence  is  termed  an  anaerobic  fermentation.  It  takes  place  in  neutral 
or  alkaline  solutions,  and  is  hindered  by  the  presence  of  small  amounts 
of  acid.  By  it  galactose,  from  the  inversion  of  sugar  of  milk,  is  simply 
decomposed,  according  to  the  reaction  CgHjgOg  —  2C3Hg03.  The  most 
favorable  temperature  is  from  35®  to  40®  C. 

The  butyric  fermentation  is  like  the  lactic,  and  generally  follows  it. 
It  is  also  anaerobic.  The  reaction  for  the  production  of  butyric  acid 
by  this  fermentation  is  2C3He03  =  C^HgOj  +  2CO2  +  ^H^.  Other  organic 
compounds,  besides  sugar,  are  capable  of  undergoing  this  fermentation. 
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Glycerol,  under  the  influence  of  bacteria,  is  decomposed  into  normal  butyl 
alcohol,  normal  butyric  acid,  ethyl  alcohol,  and  caproic  acid.  As  the  con- 
ditions for  the  lactic  and  butyric  fermentations,  both  as  to  tempera- 
ture and  absence  of  free  oxygen,  exist  in  the  intestines,  these  fermenta- 
tions take  place  there,  the  sugars,  organic  acids,  soluble  proteids.  and 
mucus  being  the  material  acted  upon.  The  products,  as  seen  in  the  re- 
actions above,  are  lactic  and  butyric  acids  and  carbon  dioxide  and 
hydrogen  gases.  These  gases  distending  the  bowel  produce  the  painful 
symptoms  of  colic,  etc. 

The  effect  of  temperature  upon  the  several  ferments  is  shown  in  the 
graphic  illustration  Fig.  140.  as  well  as  the  influence  of  temperature 
upon  the  decomposition  of  starch  by  diastase.  On  the  right  side  of  the 
figure  the  regularly -dotted  line  represents  the  yeast  curve.     As  the 


temperature  rises  from  0°  C.  its  activity  increases  until  themaximiun  is 
reached  at  about  33°  C,  when  it  diminishes  again,  and  at  $0°  or  there- 
abouts it  is  killed.  The  activity  of  the  acetic  ferment  is  represented 
at  the  same  time  by  the  irregularly-dotted  line,  and  that  of  the  lactic 
ferment  by  the  black  line. 

FERMENTATION    INDUSTRIES. 
The  most  important  industrial  utilizations  of  the  results  of  fermentation  are 
those  in  which  the  alcoholic  fermentation  of  sugar-  and  starch-containing  materialB 
enters. 
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I.  The  Malting  and  Brewing  of  Beer,  Ale,  etc — Malt  liquors,  as  they  are 
termed,  are  the  products  of  the  fermentation  of  infusions  of  malted  grain,  fiavoied 
by  the  bitter  extract  from  hops,  and  contain  from  3  to  7  per  cent,  of  alcohol,  together 
with  extractive  matter  made  up  of  the  peptones  from  the  alteration  of  albuminoids 
and  the  carbohydrates  from  the  alteration  of  the  starch  of  the  original  grain. 
The  malting  process  is  carried  out  so  as  to  allow  the  barley  or  other  grain  to  germ- 
inate, whereby  the  character  of  the  albuminoids  is  changed  and  the  ferment  di- 
astase is  developed,  which  then  begins  to  act  on  the  starch,  the  germination  and 
change  being  stopped  at  a  certain  stage  by  heating  in  a  kiln.  Besides  the  diastase 
a  second  soluble  ferment  is  formed  during  the  malting  process,  the  so-called  "pep 
tase, "  which  in  the  mash  process  changes  the  proteids  of  the  malt  into  peptones 
and  para-peptones,  which  give  nutritive  value  to  beer.  Wheat,  com,  and  rice 
are  iised  at  times  as  partial  substitutes,  but  the  bulk  of  the  grain  used  is  always 
barley.  The  finished  malt  is  always  yellow  or  amber-colored  shading  to  brown. 
The  crushed  malt  is  then  put  through  what  is  termed  the  mashing  process,  which 
is  for  the  purpose  of  obtaining  an  infusion  containing  maltose  and  dextrine,  as 
well  as  to  allow  the  diastase  to  complete  the  hydrolysis  of  the  starch,  changing  it 
into  the  products  before  described  imder  the  Carbohydrates.  This  infusion  is  then 
strained  off  and  boiled  while  the  hops  are  added.  The  '*wort, "  as  the  liquid  is 
now  called,  is  then  cooled,  preparatory  to  the  fermentation.  This  cooling  is 
effected  as  rapidly  as  possible,  so  that  the  lactic  fermentation  and  similar  changes 
may  not  develop,  and  that  the  spores  of  foreign  yeast  ferments  may  not  have  ac- 
cess to  the  liouid.  The  thick  magma  of  yeast-cells  is  then  added  in  the  proper 
amotmt  and  tne  fermentation  started,  which,  as  before  stated,  may  be  a  surface 
fermentation  or  a  bottom  fermentation,  according  to  the  temperature  and  the 
character  of  the  yeast  used.  The  products  differ  according  to  the  character  of 
the  malt  used,  whether  light  or  dark,  and  the  character  of  the  fermentation, 
whether  a  rapid  or  a  slow  one. 

a.  The  Manufacture  of  Wines. — ^While  the  name  wine  is  often  used  to  include 
products  of  the  spontaneous  alcoholic  fermentation  of  any  sweet  fruit  or  berry,  it 
18  usually  limited  to  the  product  of  the  fermentation  of  the  grape,  which  alone  is 
cultivate  on  an  extensive  scale  throughout  the  civilized  world  for  the  manufac- 
ture of  wine.  The  raw  material  here  is  the  '*  must, "  or  expressed  juice  of  the  grape, 
which  may  be  fermented  either  alone  or  in  contact  with  the  "marc,  **  as  the  pressed 
pulp  and  skins  are  called.  The  must  contains:  first,  from  16  to  28  per  cent,  of 
fermentable  sugar  (a  mixture  of  dextrose  and  levulose) ;  non-nitrogenous  extract 
(pectin  substance  and  salts,  chiefly  of  tartaric  acid) ;  albuminoids,  and  free  acids 
(tartaric,  malic,  and  succinic).  The  percentages  of  the  sugar  and  the  free  acids 
are  the  most  important  elements  in  deciding  the  probable  value  of  the  wine  ob- 
tainable from  the  must.  The  fermentation  is  a  spontaneous  one  and  a  protracted 
one,  as,  after  the  full  development  of  the  alcoholic  strength  of  the  wine,  it  is  left 
to  ripen  and  develop  by  an  after-fermentation  the  fruit  essences  or  esters,  which 
give  the  flavor  and  bouquet  to  the  wine.  In  the  case  of  red  wines,  the  main  fer- 
mentation is  allowed  to  take  place  with  the  marc  added  to  the  must,  so  that  as 
the  alcohol  is  developed  it  may  dissolve  out  the  coloring  matter  of  the  skins  as 
well  as  some  of  the  tannin,  which  is  of  benefit  in  effecting  a  more  rapid  separation  of 
the  protein  materials.  During  the  secondary  fermentation  these  aeposit  upon  the 
inner  walls  of  the  storage  casks  argols,  or  impure  acid  potassium  tartrate  (Cierman, 
weinstein),  with  some  yeast  and  albuminoid  matter.  The  first  fermentation  of  the 
must  lasts  from  i  to  4  weeks,  the  secondary  fermentation  from  3  to  6  months,  and 
then  the  wine  is  put  into  casks  to  ripen,  which  continues  during  from  2  to  8  years. 

In  the  manufacture  of  champagnes  and  effervescing  wines,  after  the  secondary 
fermentation  is  nearly  finished  a  mixture  of  alcohol  and  pure  cane  sugar  is  added, 
and  the  wine  is  bottled  so  that  the  supplementary  fermentation  may  continue 
and  develop  alcohol  and  carbon  dioxide  again.  The  pressure  which  develops 
from  this  dissolved  gas  may  rise  to  from  4  to  5  atmospheres. 

The  percentage  of  alcohol  by  weight  in  wines  varies  within  wide  limits,  ranging 
from  5  per  cent,  in  light  Rhine  wines  to  18  per  cent,  in  sherry  and  port  wine. 

3.  The  Manufacture  of  Distilled  Liquors  or  Ardent  Spirits. — In  this  industry 
the  effort  is  made  to  push  the  fermentation  to  the  fullest  possible  limit, 
so  that  the  maximum  quantity  of  alcohol  may  be  produced,  and  then  this  product 
of  fermentation  is  distilled,  and  it  may  be  redistilled  in  order  to  get  a  distillate 
richer  in  alcohol  than  the  fermentation  product  itself  can  be.  The  end  product 
sought  may  be  either  an  alcoholic  beverage,  which  is  the  product  of  the  distilla- 
tion, or  a  raw  spirit,  which  is  then  redistilled  and  strengthened  imtil  the  "recti- 
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fied  spirit"  is  obtained,  which  is  used  as  a  basis  of  many  lines  of  manufacture 
for  the  chemist  and  the  pharmacist.  The  raw  materials  for  this  industry  may  be : 
first,  alcoholic  liquids  themselves,  products  of  fermentation,  which  are  to  be  redis- 
tilled (such  as  wmes  used  for  manufacture  of  brandies) ;  second,  sugar-containing 
materials  (such  as  cane-molasses  used  for  manufacture  of  rum,  and  beet-molasses 
and  sweet  fruits  used  for  fruit  brandies);  and  third,  starch-containing  cereals 
and  all  materials  capable  of  hydrolysis  by  diastase  and  fermentation  (such  as 
com,  rye,  barley,  rice,  and  potatoes).  In  case  the  last-named  materials  are  used, 
the  preparation  of  the  wort  is  the  first  step.  This  is  analogous  to  the  method 
already  described  under  malt  liquors,  except  that  the  whole  of  the  starch  is  to  be 
converted  if  possible  into  maltose,  which  is  directly  fermentable,  and  the  dextrine 
must  be  thoroughly  changed  into  sugar.  The  fermentation  of  the  distiller's  wort 
is  also  somewhat  different  from  that  of  the  brewer,  as  the  maximum  percentage 
of  alcohol  is  to  be  attained.  The  yeast  is,  therefore,  a  surface  yeast,  and  a  maxi- 
mum temperature  of  33°  to  34°  is  attained. 

In  case  molasses  is  to  be  fermented  for  rum,  the  fermentation  is  a  spontaneous 
one,  the  nitrogenous  matters  present  making  the  addition  of  yeast  unnecessary. 

The  product  of  the  first  distillation  of  any  of  these  thoroughly  fermented  mix- 
tures, especially  those  obtained  from  grain  mashes,  is  a  "raw  spirit,"  containing 
sharp,  aldehydic  constituents  on  the  one  hand,  and  higher  alconols  (fusel  oil)  on 
the  other  hand,  in  addition  to  the  ethyl  alcohol.  These  are,  as  far  as  possible,  to  be 
eliminated  or  changed  by  the  process  of  rectifying;  and  then  by  storage  the  sup- 
plementary changes  of  the  higher  alcohols  into  ethers  are  completed. 

Rectified  Spirit  is  the  most  concentrated  alcohol  obtainable  by  distillation. 
The  U.  S.  Pharmacopoeia,  under  Alcohol,  U.S. P.,  calls  for  a  spirit  containing 
92.3  per  cent,  by  weight  of  real  alcohol,  and  of  sp.  gr.  0.816  at  15**  C. 

Proof -Spirit  has  a  sp.  gr.  of  0.9198  at  15.5®  C.  and  according  to  Fownes  contains 
49.24  per  cent,  by  weight  of  alcohol. 

Brandy  (Spiritut  Vini  Gallici,  U.S. P.)  is,  or  should  be,  the  direct  product  of 
the  distillation  of  French  wines.  A  great  deal  of  it,  however,  is  factitious,  being 
mixtures  of  grain-spirit  and  water  to  which  different  coloring  and  aromatic  siib- 
stances  have  been  added. 

Whiskey  (Spiritus  Frumenti,  U.S. P.)  is  the  spirit  obtained  from  the  fermented 
wort  of  com,  rye,  and  barley,  either  raw  or  malted. 

Rum  is  a  spirit  obtained  in  the  West  Indies  from  the  molasses  of  the  sugar- 
cane by  fermentation  and  distillation. 

Gin  is  common  grain-spirit  distilled  and  aromatized  with  juniper  berries. 

4.  The-  Manufacture  of  Acetic  Acid  and  Vinegars. — The  acetic  ferment,  as 
before  stated,  requires  for  its  growth  the  presence  of  oxygen.  When  the  germs 
coming  from  the  air  drop  into  a  fermenting  or  sugary  liquid  which  is  suited  for 
their  growth  they  develop  rapidly  over  the  surface  of  the  liquid  and  form  a  gelat- 
inous skin,  which  thickens  and  falls  to  the  bottom  of  the  vessel  because  of  its 
increasing  weight.  Another  skin  forms  at  once  again,  and  this  in  turn  is  replaced 
by  a  third,  and  so  on  until  the  liquid  is  exhausted  of  assimilable  material.  This 
skin,  called  the  "mother  of  vinegar,"  consists  of  a  multitude  of  minute  fissure 
ferments.  The  raw  materials  furnishing  vinegar  under  the  influence  of  the  acetic 
fermentation  are,  first,  wine;  second,  spirits;  third,  malt  wort  or  beer;  fourth 
fermented  fruit  juices  other  than  w^ine;  and  fifth,  sugar-beets.  The  wines  used 
are  those  of  inferior  vintages  and  such  as  are  unfit  for  drinking  as  wine.  They 
should  not  exceed  10  per  cent,  in  alcoholic  strength.  The  spirits  used  for  vinegar- 
making  must  be  so  diluted  with  water  and  vinegar  already  formed  that  the  alco- 
holic strength  ranges  between  3  and  10  per  cent.  The  malt  wort  used  for  malt 
vinegar  is  completely  fermented  and  then  passed  through  a  filter  of  wood  chips 
into  the  acetifier.  Cider  from  apples  and  perry  from  pears  are  about  the  only  fruit 
juices  besides  wine  fermented  for  the  production  of  vinegar.  Sugar-beets  are  used 
somewhat  in  France  for  vinegar-making. 

Three  vinegar-making  processes  are  in  use  with  some  special  modifications. 
First,  the  Orleans  process,  in  which  a  series  of  mother-casks,  or  "acetifiers"  hold- 
ing from  fifty  to  one  hundred  gallons  are  used.  These  are  partially  filled  with  hot 
vinegar,  and  the  wine  is  added  in  successive  portions,  and  corresponding  portions 
siphoned  off  into  storage-vats  at  intervals.  The  wine  vinegars  obtained  in  this 
way  have  an  agreeable  aroma,  that  made  from  white  wines  being  the  most  esteemed. 
The  second  process  is  the  so-called  "quick-vinegar  process.  **  It  is  used  in  Germany 
and  this  country  for  spirit  vinegar,  and  in  Englana  for  malt  vinegar.  The  vinegar- 
former  in  this  process  is  an  upright  cask.     About  a  foot  abov^  \\\<^  Vrvaj^'^XX^wjL 
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of  the  cask  it  has  a  perforated  false  bottom  and  the  space  between  the  false 
bottom  and  a  wooden  disk  set  in  near  the  top  is  filled  with  beech-wood  shavings. 
Just  under  the  false  bottom  a  series  of  holes  is  bored  in  the  side  of  the  cask  ex- 
tending all  the  way  aroimd.  The  shavings  are  first  boiled  in  water  and  dried,  then 
soured  or  soaked  m  warm  vinegar  for  twenty-four  hours  before  being  put  in  the 
cask.  Air  circulates  through  the  space  filled  with  the  beech  shavings,  entering 
through  the  holes  below,  and  escaping  through  the  glass  tubes  in  the  wooden  disk 
above.  The  weak  alcoholic  liquid  is  then  allowed  to  slowly  trickle  down  through 
the  shavings.  The  third  process  is  Pasteur's  process,  using  the  vinegar  fungus,  or 
** mother  of  vinegar"  directly,  and  causing  it  to  propagate  in  a  liquid  containing 
suitable  food  (phosphates  of  potassium,  magnesium,  and  lime). 

Cider  vinegar,  as  is  well  known,  is  the  result  of  a  spontaneous  acetification.  The 
different  vinegars  may  contain  from  3i  to  6  or  even  8  per  cent,  of  acetic  acid. 
The  other  constituents  vary  with  the  different  kinds  of  materials  used  in  the 
vinegar  formation. 

Factitious  vinegars  are  often  made  from  pyroligneous  acid  flavored  with  acetic 
ether  and  colored  with  caramel  color. 

XI.     Derivatives  of  Carbonic  Acid. 

Carbonic  acid,  C0(0H)2,  is  not  known  in  the  free  state,  but  is  supposed 
to  exist  in  aqueous  solution  in  water  charged  with  COj.  Both  this  an- 
hydride and  the  metallic  salts  of  carbonic  acid  have  already  been  dis- 
cussed under  Inorganic  Chemistry,  but  a  niunber  of  organic  compounds 
may  properly  be  considered  as  derivatives  of  it,  and  will  be  mentioned. 

I.  Sulphur  Derivatives  of  Carbonic  Acid. — From  the  anhydride 
carbon  dioxiae"T)^enave,  byrgpTacement  with  stLlphur,  two  derivatives: 

CarbonOxvsulphide.  COS,  is  formed  when  a  mixture  of  su'phur  vapor 
and  carbonliTDTY5xrde1is  led  through  a  red-hot  tube,  CO  +  S  =  COS; 
also  by  heating  together  urea  and  carbon  di sulphide,  according  to  the 
reaction  :     COlN.H,),  +  CS,  =  COS  +  NH.CNS. 

Very  inflammable  gas,' oT  peculiar  odor,  burn' ng  with  blue  flame. 

Carbon  Bisulphide ^  CSj  (C^rtLQiiei  Disulphidum^iJ.SJP.),  is  formed 
by  heating  carbon  in  sulphur  vapor.  WHen  pure,  has  but  slight  odor, 
and  is  a  colorless,  highly  refractive  liquid.  After  exposure  to  the  light 
it  takes  a  yellow  color  from  liberation  of  sulphur,  and  develops  an 
offensive  odor.  Boils  at  47°,  solidifies  at  — 116°,  and  melts  again  at 
— 110°.  Easily  soluble  in  alcohol,  ether,  chloroform,  benzene,  fixed  and 
volatile  oils;  insoluble  in  water.  Sp.  gr.  1.268.  Inflammable,  burning 
with  bluish  flame.  Is  used  for  dissolving  caoutchouc  and  for  the  extrac- 
tion of  fats  and  fatty  oils  from  oil  seeds  and  from  bones  and  wool. 

f  SH  f  SH 

Three    thio-carbonic    acids    are    possible,    CS  %  qTj»    CO  {  ^tj>    and 

{SH 
QTT.     Of   these,  it  is  only  necessary    to  consider  the  last,  deriv- 
atives of  which    possess  some   importance.     The   ethyl    derivative   of 
this  ac'd  is  called 

f  SH 

XaniJiogenic  Acid,  CS  <  Qp  tt  .     The  potassiiun  salt  of  this  acid  is 

formed  when  carbon  disulphide  is  added  to  ♦'^Icoholic  potash   solution. 

{SK 
OC  H  '    ^^   used   extensively   as   an    antidote    for    the 
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phylloxera  insect  in  the  disease  of  grape-vines  and  in  the  manufacture 
of  artificial  indigo.  The  copper  salt,  known  also  as  **  cuprous  xanthate, " 
is  a  yellow,  insoluble  compound,  the  formation  of  which  serves  as  a 
characteristic  test  for  carbon  disulphide. 

2.  Esters  of  Carbonic  Acid. — Both  the  neutral  ester,  COcOC^HJjj, 

{OH 
QP  TT  ,  known  as 

ethyl-carbonic  acid,  are  known.  The  former  is  a  neutral  liquid  of  agree- 
able odor,  lighter  than  water,  and  insoluble  in  the  latter.  Boils  at  126°. 
The  latter  is  the  counterpart  of  ethyl -sulphuric  (sulphovinic)  acid, 
and  is  not  known  in  the  free  state,  but  only  in  its  salts. 

Chlorides  of  Carbonic  Acid. — From  the  anhydride  carbon  dioxide 


we  have  the  dcnvative  carbon  oxychloride,  COCl,.  It  is  obtained  by 
direct  combination  trf"  cAfbon  monoxide  and  chlorine  in  sunlight,  and 
also  by  the  oxidation  of  chloroform  by  means  of  chromic  acid.  It  is  a 
colorless  gas  (known "also  as  pKosgeri'e  gas),  condensing  to  a  liquid  below 
8°,  and  of  powerful,  suffocating  odor.  It  is  employed  in  the  preparation 
of  salicylic  acid  from  benzene. 

ChlorO'Carbonic  Acid,  COCl  (OH),  is  the  acid  chloride  of  carbonic 
acid.  Both  the  free  acid  and  the  metallic  salts  are  unstable,  and  cannot 
be  obtained.  Its  esters,  however,  can  be  prepared,  as  COCl (OC^H^) , 
which  is  obtained  by  the  action  of  phosgene  gas  upon  absolute  alcohol. 

4.  Amides  of  Carbonic  Aci^d. — From  carbonic  acid  we  may  obtain 

two   amides,   both   compounds   of    importance,   CO  *{  kttt  .   known   as 

j^tt",  carbamide,  or  urea. 

Carhamic  Acid,  C0(NH2)0H,  is  not  known  in  the  free  state.  The 
alkaline  and  alkaline  earth-salts,  however,  are  well  known.  The  am- 
monium salt  is  recognized  as  present  in  the  official  Ammonii  Car- 
bonas,  U.S. P.     It  results  whenever  dry  carbon  dioxide  and  ammonia 

gases  are  allowed  to  react  on  each  other  :    COg  +  2NH3  =  CO  ^  ^^    ^ 

When  heated  it  loses  a  molecule  of  water  and  urea  is  formed.      The 

esters  of  carbamic  acid  are  sometimes  called  Urethane^ 

( OC  H  - ^^^ •* —     - 

Ethyl'Urethane,   CO|j^j|    \  (iEthylis  Carbagigs,  U.S.P.y— This  is 

the  compound  usually  known  under  the  simpleliame  of  ''Urethane. " 
It  is  formed  by  the  action  of  an  excess  of  alcohol  upon  urea  nitrate  in 
closed  vessels  at  a  temperature  of  i20°-i30®,  the  products  of  the  re- 
action being  ammonium  nitrate  and  ethyl  urethane.  It  forms  colorless, 
prismatic  crystals,  fusing  at  47^-50°,  which  arc  odorless,  and  have  a 
cooling,  saline  taste.  Soluble  in  water,  alcohol,  and  ether.  Is  used  as  a 
soporific. 

Chloral'Uretkane  (or  Uraline),  Somnal  (a  solution  of  chloral  hydrate 
and  urethane  in  alcohol) ,  e  id  Phenyl-ureihane  (or  Euphorine)  are  other 
preparations  of  the  urethane  classTT"^^^^       -—^  -tr-— :-.. ^ 
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Urea  (or  Carbamide),  CO  \  mu*.  is  foxmd  in  human  urine,  in  that 

of  other  mammalia,  birds,  reptiles,  and  fishes.  A  grown  man  produces 
about  30  gms.  daily.  It  is  the  final  decomposition  product  from  the 
oxidation  of  the  nitrogenous  compounds  in  the  organism.  It  is  also 
found  in  the  blood,  serous  fluids,  aqueous  hiunor,  milk,  and  perspiration. 
It  was  the  product  of  the  first  organic  synthesis  made  by  Wohler  in  1828, 
who,  on  evaporation  to  dryness  of  an  aqueous  solution  of  ammonium 
cyanate,   obtained    urea    by   molecular    rearrangement :     CNONH^  = 

CO  ^  xTTT^.     It  may  also  be  formed  from  ammonium  carbamate,  from 

ammonia  and  phosgene  gas,  and  from  cyanamide  and  water.  It  may 
be  obtained  from  urine  by  adding  nitric  acid,  separating  the  crystals 
of  urea  nitrate,  and  decomposing  these  with  bariiun  carbonate.  Urea 
forms  quadratic  prisms,  melting  at  132°,  easily  soluble  in  water  and 
alcohol,  but  not  in  ether  or  chloroform.  Urea  forms  crystalline  compoimds 
with  both  bases  and  acids,  as  well  as  with  salts. 

Urea  is  recognized  by  several  characteristic  tests.  The  addition  of  mercuric 
nitrate  to  dilute  solutions  containing  urea  causes  a  white  precipitate  of  a  urea* 
mercunc  AlLfaLe  culUporuildi  if  Urea  crystals  be  touched  witn  a  orop  of  a  concen- 
trated aqueous  solution  ofjfurfurol,  ana  thgn^  drop  of  strong  hydrochloric  acid, 
a  violet  color  passing  iat04iUXplisli^vioreris.pro3tlCefl 

Urea  may  be  determined  dudntitatively  wlien  in  solution  in  several  ways. 
First,  by  the  aid  of  a  standard  solution  of  mercuric  nitrate  (i  cc.  of  which  corre- 
sponds to  0.0 1  gm.  urea).  To  a  measured  volume  of  the  urea  solution  the  mercuric 
nitrate  solution  is  added  until  all  the  urea  has  been  precipitated  as  the  double 
salt  (2CX2H40,Hg(N08)2,3HgO)  and  a  slight  excess  of  mercury  is  in  the  solution. 
This  is  recognized  by  addition  of  a  drop  of  caustic  soda,  which  gives  a  yellow  pre- 
cipitate when  the  mercury  is  in  excess,  but  a  white  one  as  long  as  urea  is  present 
in  the  solution.  This  is  known  as  Liebig's  method.  Second,  to  the  urea  solution 
(urine)  is  added  sodium  hypobromite,  and  the  nitrogen  evolved  is  collected  in  a 
suitable  apparatus  and  measured.  The  reaction  is  :  CON2H4  •  3NaOBr  =^  Na- 
-r    Na2C03  —  NaBr       2HBr   j-  H2O.    This  is  known  as  Hiifner's  method. 

Biuret,  C.,H.N.p._„  results  when  urea  is  heated  to  150^-170°,  ammonia 
splitting  off.  Forms  long  needles,  fusing  at  190°.  When  it  is  dissolved 
in  caustic  soda  and  a  little  cupric  sulphate  is  added,  an  oniojicred  to 
violet  color  is  obtained,  known  as  the  "biuret  reaction."  This  reaction 
is  also  given  by  peptones  and  bv  albuminoids  after  boiling  with  alkalies. 

Thio-urea  (Sulphurea),  CS  !  i^-tj*.  is  formed  from  ammonium  sulpho- 

cyanate  by  prolonged  i'tisrtm,  a  molecular  rearrangement  taking  place, 
CNS.NH^  — -  CS(NH2)2.     Heavy  rhombic  prisms,  melting  at  172®. 
A  derivative  of  sulphurea  has  been  introduced  into  medicine  tmder 

the   name   of    Thiosinamine    ( All yl -sulphurea),    CS  '\  pjji  r  tr  .      It   is 

prepared  bv  the  action  oF  amrhonla  upon  mustard  oil  (allyl  sulpho- 
cyanate).  Colorless  or  slightly  yellowish  crystals,  fiising'^ar  74^,  with 
slight  odor  of  leeks,  easily  soluble  in  water,  alcohol  and  ether. 

Siicrol  (or  Dulcin),  CO -j  '^^IQ  H  OC  H  ' — '^^^^   ^^  ^^^^   ^^    which    a 
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hydrogen  atom  is   replaced    by    the    p-phenetol  radical    (see  Aromatic 
Compounds).     This  compound  has  been  brought  forward  in  medicine 
as  a  substitute  for  '*  saccharin,"  to  be  used  for  sweetening  in  foods  for 
..^^diirtJiBtlc  and  similar  cases.     It  is  claimed  to  be  free  from  influence  upon 

circulationTthe  respiration,  the  nerves,  and   the  digestive  organs.       , 
0.025  gram  of  the  sucrol  is  said  to  equal  5  grams  of  cane  sugar  in  sweet- 
ening power. 

The  entrance  of  acid  radicals  in  place  of  one  or  more  hydrogen  atoms 
of  urea  gives  rise  to  the  important  classes  oi  Ure'ides,  When  boiled 
with  alkalies  (saponified)  they  decompose  into  lireaafld  the  acid  of  which 
the  radical  was  present.  We  may  distinguish  the  two  classes,  Monuretdes 
and  Diureides,  according  as  one  or  two  molecules  T)f  ui'C^^re~present 
in  combination.  Of  the  latter  class  are  a  number  of  compounds  which 
exist  ready  formed  in  the  vegetable  or  animal  kingdom,  such  as  xanthine, 
by po-xan thine,  theobromine,  caffeine,  allantoin,  and  uric  acid.  .  Co^ 

//^'dantom  ^(Glycolyl-urea),  C-jH^N^O^  belongs   to  the  class  of  menu-    ^ 
reides^  It  is  f  orme^byTHc^  actibfi  of  concentrated  hydrogen  iodide  upon 
allantoin.     (Seep.  583.)     Forms  needles,  fusing  at  215®,  easily  soluble 
in  hot  water. 

Hydantotc  Acid  (Glycoluric  Acid),  C-jH^N^O-p  is  formed  by  boiling 
hydantoin  with  baryta  water  or  heating  urea  with  glycocoll  to  i2o°-i2  5°. 
Forms  prisms  readily  soluble  in  hot  water. 

Methylhydantoin,  C^HjjN.Aji  is  formed  by  fusing  together  urea  and 
sarcosine  (methyl-glycocoll) ,  or  by  heating  creatine  with  baryta  water. 

Methylhydantoic  Acid,  C^HgNj03,  is  formed  by  heating  sarcosine 
and  ammonium  cyanate  to  40°.  Tablets  easily  soluble  in  warm 
water. 

.NH  -CO 

Parahanic  Acid  (Oxalvl-urea),  C0\  |     .     Results  from  the  oxi- 

^NH— CO 

dation  of  uric  acid,  or  direct  from  urea  and  oxalic  acid  in  the  presence 

of  phosphorus  trichloride.     Broad  needles  which  are  soluble  in  water. 

On  boiling  with  alkalies,  they  decompose  into  urea  and  oxalic  acid. 

NH 
Oxaluric  Acid,  CO<xtttV/^  orM-^TT*  is    found    in   small    amount   in 

NH.CO.COOH 

human  urine,  and  is  formed  by  heating  parabanic  acid  with  alkalies. 

Barbituric  Acid  (Malonyl-urea) ,  C^H^NjO,,  is  formed  by  heating 
malonic  acif  and  urea  in  the  presence  of  phosphorus  oxy chloride,  which 
acts  as  a  dehydrating  agent.  Forms  prisms  readily  soluble  in  hot  water. 
Boiled  with  alkalies  it  decomposes  into  urea  and  malonic  acid. 

Alloxan  (Mesoxalyl-urea),  C^HjN^O^,  results  from  the  oxidation  of 
uric  acid  with  nitric  acid.  On  further  oxidation  yields  parabanic  oxide 
and  carbon  dioxide.  Decomposes  on  boiling  with  alkalies  into  mesoxalic 
acid  and  urea.  Alloxan  colors  the  skin  purplish-red  and  imparts  to  it  an 
unpleasant  odor.  By  reduction  with  the  aid  of  H2S  it  is  changed  into 
AUoxantin,  C^^fi^.  This  attracts  oxygen  from  the  air  and  changes 
into  Murexide  (Ammonium  Purpurate),  C8H^(NHJN30g. 
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^         Alloxaniic  Acid  (Mesoxaluric  Acid),  C^H^NjO..  is  formed  from  alloxan 
'^      by  boiling  with  baryta  water.     Decomposes  on  boiling  into  mesoxalic 
-^  \  acid  and  urea. 

^     Of  the  Diureides,  or  compounds  formed  from  two  molecules  of  urea, 
j  the  most  important  is  Uric  Acid,  C^H^N^,.    It  is  fpund   fnurinfi     The 
Uuiiiie  of  a  lie^llliv  in<m  tuntainrttm^v-ii'OffrgrT^   cxSgrnroTtincadd. 
^^   .It  is,  however,  especially  to  be  found  in  the  excrements  of  birds  and 
^reptiles,  which  often  consist  largely  of  uric  acid  and  alkaline  urates. 
/    It  is  wanting  in  normal  blood,  but  may  be  present  here  under  patho- 
logical conditions.    Gouty  concretions  and  urinary  calculi  are  composed 
in  part  of  urates.    It  is  usually  extracted  from  the  excrement  of  serpents 
or  guano  by   the  aid  of  caustic    soda,    and   the  free   uric  acid   pre- 
cipitated from  the  filtered  solution  on  addition   of  hydrochloric   acid. 
Insoluble  in   cold -water ;    difficultly    soluble  in   hot  water;    insoluble 
in  alcohol  and    ether.     It  is  soluble  in  hot  solutions  of  sodium  phos- 
phate and   acetate,  in  concentrated  sulphuric  acid,  and  in  glycerin.    A 
hot,   aqueous   solution  of    lithium  carbonate   also   dissolves    it   abun- 
dantly. 

Salts  of  Uric  Acid. — Uric  acid  is  a  weak,  dibasic  acid;  and  forms  difficultly 
soluble  salts.  Acid  ammonium  urate,  C5H8(NH4)N403,  is  found  frequently  in 
calculi  from  the  bladder  and  kidneys,  in  the  urine  of  birds  and  amphibia,  and  in 
human  urine  as  a  sediment  after  fermentation  begins.  Acid  sodium  urate  is  a  chief 
constituent  of  the  excrement  of  serpents.  It  is  also  foimd  as  a  sediment  in  urine, 
and  is  recognized  bv  its  brick-red  color.  Acid  potassium  urate  is  also  found  in  uri- 
nary sediment.  The  most  characteristic  test  for  the  recognition  of  uric  acid  is 
the  murexide  test.  The  substance  is  evaporated  with  a  little  nitric  acid,  leaving  a 
yellowish  or  reddish  residue.  After  cooling,  this  is  moistened  with  a  little  ammonia, 
when  the  purplish-red  color  of  murexide  (acid  ammonium  purpurate)  is  developed. 
A  drop  of  ]X)tassium  or  sodium  hydroxide  changes  this  color  to  the  blue  color  of  the 
potassium  or  sodium  purpurate. 

C amine  is  supposed  to  be  dimethyl-uric  acid,  €5112(0113)2X^03.  It 
is  found  to  the  amount  of  i  per  cent,  in  Liebig's  extract  of  meat. 

Fischer  has  shown  that  uric  acid  and  a  large  number  of  related  com- 
pounds are  derivatives  of  a  common  substance  called  purine,  C,,H^N^ 
which  has  been  obtained  from  uric  acid  bv  the  action  of  POCL  followed 
by  treatment  with  nascent  hydrogen. 

Purine  is  a  white  crystalline  substance  melting  at  2i6°-2i7°  C.  ^^^ 
easily  solubTe  in  water.  It  acts  like  a  weak  base.  Uric  acid  is  therefore 
a  trioxy purine. 

Xanthitie,  C^H^N^O^  (Dioxypurine),  is  found  in  small  amount  in  urine 
and  in  the  organs  of  the  animal  body.  Also  in  certain  plants,  as  in  tea, 
malted  barley,  mould  growths,  etc.  It  is  formed  from  guanine  by  the 
action  of  nitrous  acid.  Its  lead  compound,  C^HjPbN^Oj,  is  changed 
bv  the  action  of  methvl  iodide  into  theobromine. 

Guanine  (Imidoxan thine),  C.^H^N.O,  is  found  in  guano  and  in  the 
muscles,  pancreas,  spleen,  liver,  lungs,  and  retina,  and  in  the  excrement 
of  snails,  scorpions,  and  cephalopods.  It  is  also  found  in  plants,  in  the 
young  sprouts  of  grass,  oats,  etc.  Forms  a  white,  chalk-like  powder, 
insoluble  in  water,  soluble  in  ammonia. 
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Theophylline  [j:^  Dimethylxanthine)    occurs  in  tea  leaves  and  has 


recently  been  made  on  a  large  scale  synthetically  and  introduced  into 
medicine  imder  the  name  of  lltheocin." 

heobromine  (y.y  Dimethylxanthine) ,  C5H2(CH3)2N^02,  is  found  in 
cacao"  beans  (the^TfunTot  iheobroma  cacao)  to  the  amount  of  1.5  per 
cent.  As  before  stated,  it  may  also  be  made  synthetically  from 
xanthine.  Colorless,  microscopical  crystals  of  bitter  taste,  subliming 
undecomposed  at  290^-295°. 

Caffeine  (or  Theine)  is  Trimethylxanthine,  C5H(CH3)3N^02  (Caffeina, 
U.5  P.).  It  IS  fbiind  in  almost  all  parts  of  the  coffee- tree,  the  seeds 
containing  2  per  cent,  and  the  leaves  ij  per  cent.;  in  the  leaves  of  the 
tea-plant;  in  the  leaves  and  twigs  of  Paraguay  tea  (mai^),  and  in  kola 
nuts.  Especially  rich  is  also  the  guarana  paste  (from  Paullinia  sorbilis), 
containing  as  much  as  5  per  cenJL  Forms  lQng.iieedles-o£A-silkyJustre, 
subliming  at  180°  and  fusing  at  234-235°.  Is  decomposed  by  chlorine 
into  dimethyl-alloxan  and  methyl-urea.  Difficultly  soluble  in  cold 
water;  easily  soluble  in  hot  water  and  in  chloroform. 

Hypoxanthine  or  Sarcine  (Oxy purine),  C,H^N^O,  is  found  in  small 
amount  in  normal  urine.  Also  in  different  organs  of  the  body  and  in 
plants,  as  in  yeast-cells,  lycopodium,  germinating  seeds,  etc. 

Adenin  (Amidopurine) ,  C5H5N5,  is  found  in  the  pancreas,  in  the  spleen, 
and  in  tea-leaves.  Formed  also  by  boiling  yeast  with  dilute  sulphuric 
acid.    The  action  of  nitrous  acid  changes  it  into  hypoxanthine. 

Allantain,  C^HgN^Oj,  is  foimd  in  the  allantoic  liquid  of  the  cow,  and 
in  the  urine  of  suclcing  calves  and  the  urine  of  the  dog.  Results  from 
the  oxidation  of  uric  acid. 

5.  Amidines  of  Carbonic  Acid. — When  the  oxygen  of  the  carbonyl 

NH 
group  in  urea  is  replaced  by  the  imido  group  NH,  we  have  C(NH)<t.,    2 

This  compound  is  Guanidine,  CH5N3.  It  is  formed  from  guanine  by  the 
action  of  potassiiun  chlorate  and  hydrochloric  acid,  by  heating  cyanamide 
with  sal  ammoniac,  or  most  readily  by  heating  ammonium  sulphocyanate 
to  170^-200*'.  Small  amounts  of  it  are  also  said  to  be  formed  when 
albtmiin  is  oxidized  with  potassium  permanganate.  Readily  deliques- 
cing crystalline  mass,  absorbing  carbon  dioxide  from  the  air. 

By  the  replacement  of  hydrogen  atoms  in  guanidine  by  acid  radicals 
we  obtain  derivatives  analogous  to  the  ureides  derived  from  urea. 

Glycocyamine  (Guanidine-acetic  Acid) ,  C3H7N3O2. — From  the  addition 
of  cyanamide  to  glycocoll,  or  from  guanidine  carbonate  and  glycocoU. 

Creatine  (Methyl-glycocyamine) ,  C^HgNjOj,  is  found  in  the  muscular 
juice  of  many  animals,  even  invertebrates,  in  the  blood,  and  in  serous 
fluids.  It  may  be  formed  also  by  the  addition  of  cyanamide  to  sarcosine 
(methyl-glycocoll) .    Is  chiefly  obtained  from  extract  of  meat. 

Creatinine  (Anhydride  of  Creatine),  C^H7N30,  is  formed  by  boiling 
creatine  with  acids.  Is  found  also  in  the  urine.  It  combines  with  acids 
and  salts.  A  characteristic  compound  is  that  formed  with  chloride  of 
zinc,  difficultly  soluble  in  water,  almost  insoluble  in  alcohol. 
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XII.    Cyanogen  and  its  Derivatives. 

The  cyanogen  compounds  contain  the  monad  radical  (CN)'.  The 
free  molecule  of  cyanogen,  like  the  molecule  of  chlorine,  must  be  double 
this  atomic  group. 

CN 

Cyanogen,  \  or  (CN)2,  is  found  free  in  the  gases  of  blast-fumaces, 
CN 
and  is  formed  when  the  electric  spark  is  passed  between  carbon  points  in 
an  atmosphere  of  nitrogen.  May  be  conveniently  prepared  by  heating 
oxalate  of  ammonii^:  C20^(NHJ2  "^  iP^)%  +  4H2O,  or  by  heating 
mercuric  cyanide. 

Coloriess  gas,  with  peculiar  penetrating  odor  resembling  bitter  almonds. 
Very  poisonous.  It  bums  with  a  peach-red  color.  Is  soluble  in  water 
and  alcohol.  These  solutions  become  dark  on  standing,  with  separation 
of  a  brown  powder  known  as  azulmic  acid,  while  oxalic  acid,  ammonia, 
formic  and  hydrocyanic  acids,  and  urea  are  found  in  the  liquid. 

Paracyanogen  (CN)^,  is  a  polymer  of  cyanogen,  and  is  formed  as  a  by- 
product when  cyanogen  is  made  from  mercuric  cyanide. 

I.  Hydrogen  Cyanide  and  other  Cyanides. — ^The   imion    of    the 
radical  CN  with  hydrogen  gives  us  a  compound,  HCN,  analogous  to 
HCl  or  HBr  in  its  general  chemical  relations. 
/X/  Hydrogen  Cyanide  (Prussic  Acid),  HCN,  is  a  decomposition  product 
'^    f rom  many  organic  compounds,  as^^amygdalin  ofj^  etc. 

May  be  prepared  by  the  decomposition  of  metallic  cyanides  (whether 
simple  or  double  salts)  with  mineral  acids;  usually  prepared  thus  from 
potassium  ferrocyanide  (see  next  page):  K^Fe(CN)g  +  sHjSO^  =  6HCN 
+  FeSO,  -h  4KHSO,. 
,/  Is  a  colorless  liquid,  solidifying  at — 15°  and  boiling  at  26.5°.  It  is 
misciblc  with  water,  and  bums  with  a  violet  flame.  It  is  a  deadly 
poison. 

When  absolutely  pure  it  can  be  preserved,  but  in  the  presence  of 
traces  of  water  or  ammonia  it  decomposes  on  standing,  separating  out 
brown  flocks  of  azulmic  acid.  The  addition  of  small  quantities  of  mineral 
acids  renders  the  aqueous  solution  more  stable.  Its  dilute  aqueous 
solution  is  official  as  Acidum  Hydrocyanicum  Dilutum,  U.S. P.,  and 
contains  2  per  cent,  bv  weight  of  abs'61uie..{ICN. 

Hydrocyanic  acid  is  a  weak-tttonobasic  acid,  and  forms  numerous 
metallic  cyanides.    The  most  important  are: 

Potasii  Cyanidum,  U.S. P.,  is  obtained  commercially  by  fusion  of 
-■-  -anhydrous  potas^smm  ferrocyanide:  J^yijeCCNj^j^—  4KCN  +  Fe  +  2C-I-  N^. 
F'orms  colorless  deliquescent  cubes,  readily  soluble  in  water,  but  onlv 
slightly  so  in  alcohol.^  Usually  cast  in  sticks  or  cakes.  Generally  con- 
tains some  cyanatc.  Acts^s  a  reducing  agenL  taking  oxygen  and  be- 
coming cyanate.  Is'  used  for  the  reduction  of  metallic  oxides,  in  photog- 
raphy to  dissolve  the  haloid  silver  salts  and  silver  stains,  and  in  galvano- 
plastic  work  for  electro-silvering  and  gilding. 
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Argenti  Cyanidum,  U.S. P.,  forms  a  white  powder,  odorless  and 
tasteless,  turning  brown  onexposure  to  light.  Insoluble  in  water,  alcohol, 
or  cold  nitric  acid[.  "TJecbmposed  by  hot  nitric  acid,  soluble  in  ammonia 
water,  and  in  solutions  of  sodium  thiosulphate  and  potassium  cyanide. 
Mercuric  Cyanide,  forms  colorless  prisms,  stable  in  the  air,  but 
turning  dark  on  exposure  to  light.  Soluble  in  water  and  alcohol.  When 
heated  in  a  glass  tube  the  salt  decrepitates  and  decomposes,  giving  off 
cyanogen  gas  and  leaving  metallic  mercury. 

The  soluble  metallic  cyanides,  like  potassium  cyanide,  dissolve  the 
insoluble  cyanides,  and  then  double  cyanides  are  formed.  There  are 
two  classes  of  these  double  cyanides,  distinguished  by  their  behavior 
on  addition  of  dilute  mineral  acids.  One  class,  like  the  double  cyanides 
of  potassium  and  silver,  gold,  zinc,  nickel,  etc.,  break  up  with  separation 
of  the  insoluble  cyanide  and  liberation  of  hydrogen  cyanide;  the  other 
class  do  not  liberate  HCN,  but  a  complex  acid  is  formed  in  which  the  CN 
group  is  combined  with  hydrogen  and  the  heavy  metal.  Thus,  K^Fe(CN)g 
is  potassitmi  ferrocyanide,  and  on  addition  of  dilute  acid  liberates  H^Fe- 
(CN)g,  called  hydrogen  ferrocyanide,  and  K3Fe(CN)g,  which  may  be 
taken  as  the  equivalent  of  the  formula  of  potassium  ferricyanide,  on 
addition  of  dilute  acid  liberates  H,Fe(CN)g,  called  hydrogen  ferricyanide. 
Similar  double  cyanides  with  the  metal  remaining  as  an  integral  part 
of  the  free  acid  are  formed  with  manganese  and  cobalt. 

Potassium  Ferrocyanide  (Yellow  Prussiate  of  Potash),  K^Fe(CN)g  + 
JijtO  (Potaaaii  Fj!rrf?c.yani(1nmj  U.S. P.),  is  made  on  a  large  scale  by 
fusing  animal. scrap,  like  horns  anjiJipofs  of  cattle,  blood,  leather,  etc., 
wifK  ^jpotashes,  and  adding  metallic  iron.  The  fused  mass  is  lixiviated 
with  water,  filtered,  and  crystallized.  The  reactions  which  take  place 
may  be  expressed  thus: 

, »a.^i.,.,  aN...^:i      KaCOa  2KCN     +     3CO. 

6KCN     +     FeS       --     K4Fc(CN)e     -f     KaS. 


Very  much  is  also  obtained  from  the  ferric  hydroxide  used  in  the 
purification  of  illiuninating  gas.  It  fonns  yellow  crystals  of  the  tetra- 
gonal system,  easily  soluble  in  wat^^,  ihsoluble  in  alcohol.  It  is  not 
poisonous.  Oxidizing  agents  like  chlorine  convert  it  when  in  solution 
into  ferricyanide  of  potassium.  With  ferric  salts  it  yields  an  insoluble 
blue  compotmd,  ferric  ferrocyanide,  known  as  "Prussian  blue, '*  Fe^- 
[Fe(CN)g]3.  Other  insoluble  ferrocyanides  are  those  of  copper,  which 
-ts-^»i>wii,  and  zinc,  which  is  white.     Yellow  prussiate  of  potassium  is 


used  technically  in  the  manufacture  of  Prussian  blue,    of    potassium 
cyanide,  and  of  hydrogen  cyanide. 

Potassium  Ferricyanide  (Red  Prussiate  of  Potash),  KgFe2(CN)i2, 
is  produced  by  oxidizing  the  ferrocyanide  in  solution.  Forms  red, 
rhombic  crystals,~readily  soluble  in  water.  The  soTution  gradually  de- 
composes in  the  light  with  the  formation  of  the  yellow  prussiate.  In 
the  presence  of  free  alkali  it  has  an  oxidizing  action,  and  is  changed 
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thereby  into  the  yellow  prussiate.   With  ferroiu  sa^ts  forms  a  blue  uradpi- 
tate,  ferrous  ferricyanide  (Tumbull's  blue).p^^y^6A\  6  )v 

By  the  action  of  nitric  acid  upon  ferrocyaxiiaes  ai4  formed  nitxO' 
prussides. 

SodiumN^iroi)russide.  Na,Fe(CN)j(NO)  +  aH^O,  crystallizes  in  nd 
prisms,  readily  soluble  in  water.    Serves  as  a  delicate  test  for  scdtible  ' 
sulphides  even  in  dilute  solution,  giving  a  fine  but  transient  pur^sh 
color.  - — --*'^**^ 

The  cyanides  in  which  an  alcohol  radical  replaces  the  hydrogen  of 
HCN  form  two  series  isomeric  with  each  other,  known  as  1^  NUrOa 
and  the  Isonitrtles.  This  isomerism  is  explained  by  the  alKUmptioo' 
. — thaTTn^the  nitriles  the  atoms  in  the  CN  group  are  linked  in  one  way, 
N^ — ,  and  in  the  isonitriles  they  are  linked  in  another  way,  C^=N — , 
the  nitrogen  being  triad  in  the  one  class  and  pentad  in  the  other.  To 
the  first  class  belong  methyl  cyanide  or  acetonitrile,  CH^.CN,  ethyl 
cyanide  or  propionitrile,_.CJIaCN,  etc.  These  fomt-sn  homologous 
series,  it  is  seen,  with  HCN,  wETch  might  be  called  formonitrile.  They 
are  all  poisonous  liqtiids. 

A  nitro  product  of  methyl  cyanide  is  the  very  unstable  fuiminic  acid,  CHs(NO!i). 
CN,  the  mercury  salt  of  which  is  obtained  when  a  solution  of  mercuric  nitrate 
reacts  with  alcohol,  and  is  known  as  fulminate  of  mercury.  This  is  also  expk»ive, 
and  is  used  for  percussion  caps  and  for  fuses  to  explode  d3manute  cartridges. 

_  _  The  Isocya]Qid£&-or  Isonitriles  differ  in  many  respects  from  the  corre- 
sponding- cyanides.  They  are  liquids  of  extremely  sickening  odor, 
but  are  not  poisonous  like  the  cyanides.  They  are  sometimes  called 
carbylamiftes,  as  CH3.NC,  methyl  isocyanide,  or  methyl  carbylamine. 
The  production  of  one  of  this  class,  phenyl  carbylamine,  when  chloro- 
form is  heated  with  aniline  and  alcoholic  potash,  was  given  as  a  test 
under  Chloroform  (see  p.  507). 

2.  Cyanic  and  Cyanuric  Acids. — By  the  replacement  of  an  H  atom 
in  HCNTby^'nTe' group  OH  we  obtain  CN.QH^^  This  compound  is  not 
known  in  the  free  state,  but  only  in  its  esters.  The  isomeric  compound. 
CO.NH,  however,  is  known  as  Isocyanic  Acid,  a  very  unstable,  volatile 
liquid,  which  rea3ily  polymerizes,  and  yields  Cyanuric  Acid,  (CONHjj, 
and  Cyamelide,  (CONH)x. 

Potassium  Isocyanaie  (commonly  called  Cyanate),  CONK,  is  obtained 
by  fusing  potassium  cyanide  or  yellow  prussiate  of  potash  with  metallic 
lead  or  manganese  peroxide.  Forms  white  scales,  easily  soluble  in  water 
and  alcohol. 

Ammonium  Isocyanaie  (commonly  called  Cyanate),  CON.NH^,  is  a 
white,  crvstalline  mass,  which  changes  on  heating  into  the  isomeric 

compound  urea,  CO  I  ^^i'    ^^^^  P*  ^^^'^ 

3.  Sulphpcyanic  and  Isosulphocyanic  Acids. — Corresponding  to 
cyanic  and  isocyanic  acids  are  the  sulphm-  compound&-N^Cp=SH, 
sulphocyanic  acid,  and  CS.NH,  isosulphocyanic  acid.  The  metallic 
salts  are  derivatives  of  the  first  of  these. 
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Petassiunt  ^tdDhocyanaie.  CNSK,  is  readily  obtained  by  fusing  ferro- 
"  cyanide  oi  potassium  with  sulphur  and  potash.    Colorless,  deliquescent 
prisms,  soluble  in  water,  with  considerable  lowering  of  temperature. 

Ammonium  Sulphocyanate,  CN.SNH^,  is  obtained  by  the  action  of 
carbon  disulphide  upon  concentrated  ammonia  in  alkaline  solution. 
Colorless,  deliquescent  prisms,  easily  soluble  in  water.  These  sulpho- 
cyanates  are  used  as  reagents  to  distinguish  ferric  from  ferrous  solutions, 
giving  with  the  former  blood-red  coloration,  while  remaining  colorless 
with  the  latter. 
/  Mercuric  Sulphocyanate ,  (CN.S)2Hg,  is  a  white,  insoluble  powder. 
*T  WHen  heated,  swells  up  enormously  as  it  is  decomposed.  Used  in  toys 
known  as  JlPharaoh's  serpents. " 

Of  the  esters  tWO  SKrtfiS  Ure  known,  tl^  Sulphocyanates  and  the  Iso- 
rsulphocyanates.  To  the  first  class  he\oh^''W[hyr'SuTpJwcydnate,  CN.- 
SU^HrTan^'^/v/  Sulphocyanate,  CN.SCgHg.  Thjs  latter  is  the  starting- 
point  in  the  manufacture  oi  ariihclal  mustarcT  oil.  By  the  action  of 
allyl  iodide  on  an  alcoholic  solution  of  potassium  sulphocyanate  this 
sulphocyanate  of  allyl  is  made.  It  is  then  distilled,  when,  by  molecular 
rearrangement,  it  becomes  A llyL ^SQSjdphocyanate ,  CS.NC^Hj,  or  true 
mustard  oil  (Oleum  Sinapis  yolatiler  U.S.P.y!  It  is  aiko  obtained 
from  the  seeds  of  tTieTHack  mustard ^  diotillation  with  water.  It  forms 
a  liquid  slightly  soluble  in  water,  of  irritating  odor,  inciting  to  tears 
and  producing  blisters  upon  the  skin.     Boils  at  151®. 

The  esters  of  isosulphocyanic  acid  are  often  known  collectively  as 
"mustard   oils."     Thus,  we  have  methyl-mustard  oil,  CS.NCH^;  ethyl- 
mustard  oil,  CS.NC2H5;  n-propyl-mustard  oil,  CS.NC3H7. 
f-':      4.  Amides  of  Cyanogen. — The  only  important  compound  in  this 
series  is  Cyanamide,  QN.NIL.    May  be  formed  by  the  actionof  ammonia 


upon  cyanogen  chloride  in  ethereal  solution.  Colorless,  deliqiiesCent 
crystals,  easily  soluble  in  water,"  aTcohoT,  and  ether.  By  the  action  of 
dilute   acids   it  takes   up   the   elements  of   water  and  becomes  urea  : 

CN.NH2  +  HoO  =  CO  \  xTTT^.   and  in   analogous  manner  it  takes  up 

HjS  and  becomes  sulphurea,  CS  s  jjjj^-    When  heated  with  ammonia 

salts  it  yields  salts  of  guanidine  (see  p.  853). 
j^^metallic   derivative  of   cyanamide  known  as  Calcium  cvanamide. 


CaCN^  was  found  by  Frank  to  be  formed  by  the  action  of  atmospKenc^ 
nitrogen  upon  red  hot  calcium  carbide,  according  to  the  reaction  : 
CaCg  +  Nj  =  CaCNj  +  C.  This  compound  has  assumed  great  commer- 
cial importance  both  for  direct  msp  a<;  ?  fertilizpTvaTld  bfr^"S^  it  liberates 
ammonia  under  the  influence"  of  steanTat^a  TTigh  lemperalHre  according 
to  the  reaction  : 

CaCNa  +  sHaO  ^  aNHa  4-  CaCOs. 


CHAPTER    IV. 

CLOSBD-CHAIN  GROUPS   WITH    LESS   THAN    SIX   CARBON   ATOlia 

The  compounds  thus  far  considered  were  all  derivatives  of  methane 
and  the  similar  hydrocarbons,  which,  whether  saturated  or  unsaturated, 
had  the  one  feature  in  common,  that  they  were  open-chain  hydrocarbons; 
that  is,  aggregates  of  carbon  atoms  linked  together  in  such  a  way  that 
the  end  carbon  atoms  were  distinguished  from  those  occupying  a  middle 
position  in  the  molecular  grouping. 

For  benzene  and  the  so-called  "aromatic  compotmds,"  on  the  other 
hand,  we  must  assume  that  the  molecule  contains  six  carbon  atoms 
linked  together  in  a  closed  chain,  so  that  no  one  of  the  six  is  an  end  carbon 
atom.  The  presumptions  in  favor  of  this  theory  will  be  stated  in  the 
next  chapter.  We  have,  however,  several  classes  of  transition  com- 
pounds from  the  open-chain  compounds  to  the  closed-chain  compounds 
of  the  benzene  series. 

We  have  first,  certain  isocyclic  (see  p.  493.)  compotmds  containing 
less  than  six  atoms  of  carbon  in  the  closed  chain  or  ring,  and  second, 
certain  heterocyclic  (see  p.  493)  compotmds  containing  also  a  lesser 
ntunber   of   carbon   atoms. 

I.  Isocyclic  Compounds. 

1.  Trimeihylene  derivatives. 

Trimethylene ,   \       yCHj  is  obtained  by  the  action  of  sodium  upon 

ch/ 

trimethylene  bromide,  CHjBr.CHj.CHjBr. 

Trimethylene   carboxylic    acid,    \       ^CH.COOH    is    also  known. 

CHv 

2.  Tetramethylene  derivatives. 

Tetramethylene  itself  is  not  known,  but  tetramethylene-dicarboxylic 

ca 


^2 


'  \ 


acid,  CH^  C(COOH)„  has  been  obtained. 

\  / 

CH, 

3.  Pentamethylene  derivatives. 

CHg — CHgv 
KetO'peniamethylene,  \  y  CO,  is  obtained  bv  the  dry  distilla- 

CH— CH/ 
tion  of  the  calcium  salt  of  adipic  acid.    From  this  is  then  obtained — 
Pentamethylene,  which  is  a  colorless  liquid  boiling  at  50°  C. 

4.  Hexamethylene  derivatives  will  be  described  later  as  obtained  from 

the  benzene  hydrocarbons. 
588 
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II.  Heterocyclic  Compounds. 

We  have  to  note  here  three  compounds  which  show  this  transition 
character.  These  are  Furfur  one  (or  Fur^ng^^C^H^Q.  Thiophene,  C^H^S, 
and-^HIS^i^H^NH.  Of  these,  the  first  is  most  nearly  related  to  the 
tnethane  derivatives,  being  formed  in  many  cases  in  the  decomposition 
of  the  sugars  and  carbohydrates,  and  the  other  two  accompany  benzene 
in  the  products  of  destructive  distillation,  and  more  nearly  resemble 
the  true  aromatic  compounds.  The  structural  formulas  given  to  the 
three  compounds  show  a  close  similarity  and  relationship,  and  the  fact 
that  all  three  may  be  derived  from  the  same  compounds  by  three  dif- 
ferent reactions  goes  to  establish  this  relationship. 

The  formulas  ascribed  to  them  are:  ,  /  ( 


CH   -CH.       //  CH  -CH  CH=CH 


v/ 


{ 


I  >0//  I  ;S    /  I  .NH. 

Furfurane.  Thiophcne.        f  Pyrrol. 

All  three  are  liquids,  boiling  at  relatively  low  temperatures, — furfurane 
at  32°,  thiophene  at  84°,  and  pyrrol  at  130®. 

AH  three  are  insoluble,  or  only  slightly  soluble,  in  water,  but  easily 
soluble  in  alcohol  and  ether.  They  show  analogous  color  reactions. 
All  three  give  blue  or  violet  coloring  matters  with  isatin  and  sulphuric 
acid ;  the  vapor  of  pyrrol  colors  a  pine  shaving  that  has  been  moistened 
with  HCl  carmine-red  (whence  the  name,  from  ?ru^/>o9,  fiery-red), 
while  furfurol  vapor  colors  it  an  emerald-green. 

All  three  are  derived  from  mucic  acid  by  different  reactions.  Mucic 
acid  destructively  distilled  yields  first  pyromucic  acid  (furfurane- 
carboxylic  acid),  C^H30(C00H),  and  this  on  further  heating  splits  off 
COo,  and  yields  furfurane;  by  the  dry  distillation  of  ammonium  py- 
romucate  is  obtained  pyrrol;  and  by  the  action  of  hydrogen  sulphide 
upon  pyromucic  acid  is  formed  thiophene. 

Similarly  all  three  are  derived  from  acetonyl-acetone  by  different 
reactions,  and  both  pyrrol  and  thiophene  from  succinic  acid  by  the 
action  of  different  reagents. 

I.  Furfurane  and  its  Derivatives. — Furfurane  (or  Furane),  CJifi, 
is  formed  bvthe  distillatioji  of  pine  wood.  Is  a  colorless,  mobile  liquid 
of  chloroform-like  odor,  boiling"  af  32^.  It  is  recognized  by  the 
emerald-green  color  which  it  imparts  to  a  pine  shaving  which  has  been 
moistened  with  hydrochloric  acid.  Besides  furfurane,  methyl-furfurane 
appears  to  be  present  also  in  pine-wood  tar. 

Furfurol  (Furfurane  Aldehyde),  CjH^O.CGH,  results  from  the  oxida- 
tion of  the  sugars  with  manganese  dioxide  and  sulphuric  acid,  as  well 
as  from  the  distillation  of  the  pentoses,  bran,  sawdust,  starch,  gum 
arabic,  etc.,  with  sulphuric  acid.  It  is  contained  in  beer  and  in  fusel  oil, 
and  hence  in  brandy.  It  is  also  a  decomposition  product  of  the  albumi- 
noids. It  is  a  colorless  oil  boiling  at  162*'  C,  of  agreeable  odor,  resembling 
that  of  bitter  almonds,  turning  brown  in  the  air.  As  an  aldehyde  it 
reduces  ammoniacal  silver  solution. 


/// 
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Pyromucic  Acid,  Cfifi.COOK,  is  the  add  corresponding,  and  is 
produced  by  the  oxidation  of  furfurcA  as  well  as  in  the  dry  distillation 
of  mucic  acid.  Needles  or  plates,  melting  at  134^,  resembling  ben2oic 
acid  in  appearance. 

.^^^^^hiophene  and  its  Derivatives. — Thiophene,  C^H^S,  accompanies 
"Senzene,  C^H^,  in  coal-tar,  and  is  only  separated  from  it  with  difficulty. 
Its  homologues  likewise  accompany  those  of  benzene,  displaying 
nearly  the  same  boiling  points  and  many  similar  reactions.  It  is 
separated  from  the  crude  benzene  of  coal-tar  by  shaking  out  with 
successive  quantities  of  concentrated  stdphuric  acid,  in  which  it  is  soluble. 
Is  a  liquid  of  weak  odor,  boiling  at  84^.  The  most  delicate  test  for  it  is 
the  blue  color  due  to  the  formation  of  indophenin,  obtained  on  shaking 
a  solution  containing  it  with  stdphuric  add  and  isatin. 

Two  thiophene  derivatives  have  been  reconunended  for  use  in  medidne: 

Thiophene  Di-iodide,  C^HjIjS,  and  Sodium  Thiophene-sulphonaie,  C^Hj- 
S.SOjNa. — ^The  former,  which  is  recommended  as  a  substitute  for 
iodoform,  is  in  colorless,  readily  volatile  crystals,  melting  at  40.5^  C. 
The  odor  is  aromatic  but  not  unpleasant.  It  is  insoluble  in  water,  but 
easily  soluble  in  ether,  chloroform,  and  in  hot  alcohol.  It  contains 
75.5  per  cent,  of  iodine  and  9.5  per  cent,  of  sulphur.  The  second  com- 
pound is  a  white,  crystalline  powder,  recommended  for  tise  in  salve  in 
cases  of  prurigo. 

3.  Pyrrol  and  its  Derivatives. — Pyrrol,  C^H^NH,  is  obtained  in 
the  dry  distillation  of  bones  and  in  coal-tar.  It  is  a  liquid,  boiling  at 
130°,  and  smelling  like  chloroform.  Is  insoluble  in  water  and  alkalies, 
soluble  in  alcohol,  ether,  and  dilute  acids. 

Tetra-iodopyrrol  or  lodol  (lodolum,  U.S.P.),  CJ,NH. — When  iodine 
in  alcoholic^solutipn  acjsjipoujyrrol,  especiaIIy'''iTr-the  presence  of  an 
alkali,  a  substitution  compoundTttTwhich  the  name  of  iodol  has  been 
given,  separates  out  in  a  grayish-brown^  crystalline  powder,  insoluble 
in  water,  soluble  in  alcohoT.  It  is  used  as^an  odorless  substitute  for 
iodoform,  and  is  especially  characterized  by  its  high  percentage  of  iodine 
(88.97  P^^  cent.). 

Pyrazol,  CjH^Nj.  By  the  action  of  hydrazine,  NH^,.NH^„  upon  epi- 
chlorhydrin,  (C3H.)0C1,  is  formed  pyrazol,  a  crystalline  solid  melting  at 
70®  C,  which  may  be  considered  as  pyrrol  with  one  CH  group  replaced 
by  N. 

Antipyrin  or  Pbin^difnethyl-pyrazolon  (Antipyrina,  U.S.P.),  dHu- 
NjO. — By  the  action  ofpHehyl-TiydrazTne,  CgH^NHJill,,  upon  aceto- 
acetic  ether  (see  p.  667)  water  and  a  molecule  of  alcohol  are  split 
off,  and  a  compound  is  obtained  which  is  called  phenvl-methyl-pyrazolon. 

CH-:N\ 
This  would     be    a  derivative   of   the   base    pyrazol,     |  \NH,a 

CH=-CH 
compound  differing  from  pyrrol  only  in  the  substitution  of  the  nitrogen 
atom  for  the  triad  group  CH.    In  the  phenyl-methyl-pyrazolon  we  would 
have  besides  the  substitution  of  the  radicals  phenyl  and   methyl  the 
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change  of  a  CH  group  for  the  dyad  group  CO,  making  its  structural 

(CH3)C=N^ 
formula  |  """"---.  N(CgH5).     When  this  is  methylated  by  the 

CH,— CO/ 
action  of  methyl  iodide,   there  is  formed  the  hydrogen  iodide   com- 
pound  of   the  new  base  phenyl-dimethyl-pyrazolon,   which   possesses 

(CH3)C-N(CH,)\ 
the   structural   formula  |1  /N(CgHj). 

CH— CO/ 

The^free  base  comes  into  commerce  as  a  white,  crystalline  powder, 
melttng'ariij*',  almost  odorless,  easily  soluble  in  water,  alcohol,  chloro- 
form, difficultly  soluble  in  ether.  As  a  base  it  forms  addition  salts  with 
the  acids  like  ammonia.  It  show§_.two  charactmstic  color  Reactions: 
with  ferric  chloride  it^.^  colored_deep,.i:ied,  which  color  is  changed  by 
Slilphiinc  acid  into  bright  yellow;  with  nitrous  acid  a  green  color,  and 
in  concentrated  solutions  a  separation  of  green  crystals  of  isonitroso- 
antipyrin,  CuHuNjOj.  Both  these  reactions  are  adapted  fo;*  the  recog- 
nition of  antipyrin  in  urine.  •:  '  r.[  v  .   ■  .  -^-  *3  '^' 

Antipyrin  Salicylate  (Salipyrin),  CijHijN^O.C^Hgdj,  forms  a  color- 
less, crystalline  powder,  melting  at  92°.    Used  as  an  antineuralgic  remedy. 

lodo-pyrin  (lodo-antipyrin) ,  CjiH^INjO,  forms  lustrous,  colorless, 
prismatic  needles,  difficultly  soluble  in  cold  water,  more  readily  in  hot 
water.     Melts  at  160°. 

N aphtho-pyrin  O^-naphtol-antipyrin)  is  a  molecular  combination  of 
/9-naphtol  and  antipyrin.    Recently  introduced  into  medicine. 

MonocMoral-antipyrtn  (Hypnal)  and  Bichhral-antipyrin  have  been 
mentioned  under  Chloral-hydrate  (see  p.  526). 

Tolypyrin  (Tolyl-dimethyl-pyrazolon) ,  CjjHi^NgO,  is  a  homologue 
of  antipyrin.  Made  by  using  instead  of  phenyl-hydrazine  the  homologous 
compound  />-tolyl-hydrazine  in  the  reaction  with  aceto-acetic  ether. 
Colorless  crystals,  fusing  at  136°-!  37®,  soluble  in  water  and  alcohol, 
difficultly  soluble  in  ether.  Shows  the  same  color  reaction  with  ferric 
chloride  and  nitrous  acid  as  antipyrin. 

Tolypyrin  Salicylate  (Tolysal),  Ci^Hj^NjCCyH^Oj,  is  formed  by  the 
direct  union  of  the  two  components.  Is  in  every  way  analogous  to 
antipyrin  salicylate. 
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CHAPTER    V. 

CLOSED-CHAIN   OR   AROMATIC  COMPOUNDS. 

I.    IsocYCLic  Hydrocarbons  and  Derivativbs. 

In  studying  the  methane  derivatives  we  had  several  series  of  hydro- 
carbons, of  which  that  containing  the  maximtim  hydrogen  in  any  given 
case  for  the  amount  of  carbon  present  was  called  the  Paraffin  series, 
and  had  assigned  to  it  the  general  formula  CaH^^.,.  This  series  was 
also  termed  the  saturated  series  of  hydrocarbons,  because  no  addition 
compounds  could  be  formed.  The  explanation  of  this  fact  and  the 
verification  of  the  general  formula  just  stated  were  both  found  in  the 
structural  formulas,  showing  an  open-chain  formation  with  single  link- 
ing of  adjacent  carbon  atoms.  The  other  series  of  hydrocarbons,  with 
the  general  formtdas  CnHj.,  CnHjn..,.  CJi^p^^,  and  C„HjB_g,  respectively, 
were  all  unsaturated  hydrocarbons  and  ready  to  unite  directly  with 
halogen  atoms  and  atomic  groups  to  form  addition  compounds.  The 
explanation  of  this  fact  was  also  given  in  the  structtu*al  formulas,  which 
showed  an  open-chain  formation,  but  with  double  and  treble  linking 
between  certain  of  the  carbon  atoms.  This  form  of  linking  was  seen  to 
be  unstable,  and  hence  the  tendency  to  pass  into  sattirated  compounds 
with  an  open-chain  structure  and  single  Unking  of  the  carbon  atoms. 

We  meet,  however,  in  the  Benzene  series  of  hydrocarbons,  which  are 
the  products  of  the  distillation  of  many  complex  substances,  and  which 
are  found  to  be  the  fundamental  substances  of  an  immense  number  of 
compounds  occurring  in  the  vegetable  kingdom,  hydrocarbons  of  the 
general  formula  CnHgn-g,  which  are  relatively  stable  and  more  like 
saturated  than  unsaturated  hydrocarbons.  While  it  is  true  that  addition 
of  halogen  atoms  may  be  effected  within  certain  limits,  these  compounds 
do  not  tend  to  form  as  readily  as  substitution  compounds,  in  which  the 
hydrogen  atoms  of  the  original  hydrocarbons  are  readily  replaced  by 
halogens  and  radicals  like  methyl  and  ethyl. 

The  fundamental  hydrocarbon  of  this  series  is  benzene,  C^H^,  and 
the  homologues  are  formed  by  the  replacement  of  one  or  more  of  these 
six  hydrogen  atoms  by  methyl  and  ethyl  groups.  The  limit  of  this 
replacement  is  reached,  of  course,  when  six  hydrogen  atoms  have  been 
exchanged  for  other  atoms  or  atomic  groups.  Both  the  hydrocarbons 
of  this  series  and  the  substitution  derivatives  are  more  stable  than  the 
addition  compounds  before  referred  to.  Moreover,  all  the  derivatives 
of  benzene  can  be  converted  either  into  benzene  itself  or  into  very  nearly 
allied  compounds  by  relatively  simple  reactions.  Benzene  is,  then,  in  a 
peculiar  degree  both  the  starting-point  and  the  basis  of  the  compounds 
connected  with  it. 

It  is  obvious,  then,  that  benzene  and  its  homologous  hydrocarbons 
must  be  differently  constituted  structurally  from  the  paraffin  series  or 
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any  of  the  unsaturated  series  that  are  convertible  into  methane  deriva- 
tives by  addition.  The  benzene  derivatives  are  not  convertible  into 
marsh-gas  derivatives  by  addition  of  halogen  or  other  atomic  groups; 
benzene,  C^Hg,  cannot  be  converted  into  hexane,  CgH,^,  by  any  means, 
direct  or  indirect.  As  stated  before,  addition  compounds  can  be  formed. 
We  can  obtain  C^H^jClg  and  from  this  CgH,^,  but  the  addition  of  hydrogen 
stops  there.  It  is  strikingly  evident,  from  this  and  many  similar  observa- 
tions, that  CgHg  is  a  peculiarly-constituted  molecule,  which  resists 
change  and  remains  substantially  intact  through  all  the  substitutions 
that  may  be  effected.  We  cannot  transform  it  into  a  simpler  molecule 
containing  5,  4,  or  3  carbon  atoms;  when  oxidized,  which  is  only  accom- 
plished with  difficulty,  it  goes  into  carbon  dioxide  and  water. 

z.  Theories  as  to  the  Structure  of  the  Benzene  Molecule. — 
The  theory  as  to  the  constitution  of  the  benzene  molecule  which  has 
found  general  acceptance  is  that  of  Kekul^,  first  published  in  1866. 
This  not  only  explains  known  facts  with  regard  to  benzene  and  its  thou- 
sands of  derivatives,  but  has  found  confirmation  in  the  discovery  and 
preparation  of  the  immense  numbers  of  so-called  "coal-tar"  products 
which  are  chemically  grouped  and  classified  by  its  aid.  According  to 
this  theory  the  six  carbon  atoms  are  linked  together  in  such  a  way  as 
to  form  a  closed  chain.  We  may  arrange  them  in  a  continuous  chain  of 
which  the  two  ends  are  connected  together,  but  there  is  no  reason  here 
for  making  it  a  longitudinal  chain.  Therefore  the  six  carbon  atoms  may 
be  considered  as  placed  at  equal  distances  apart  on  the  circumference 
of  a  circular  ring,  or  in  any  other  position  that  might  be  assumed  by  a 
closed  chain  of  six  units,  but  for  convenience  in  writing  the  hexagon 
figure  is  usually  chosen.    The  benzene  molecule  would  then  show  as  its 

C 

/\ 
C      C 

framework    |        |  .     Each  of   these  carbon   atoms  has  attached  to  it 

C       C 

\/ 
C 

one  atom  of  saturating  hydrogen  in  the  formula  CgHg.    If  each  carbon 

CH^ 

/\ 
HjC      CHj 
atom  had  two  hydrogen   atoms  attached  we  would  have       |         | 

HjC      CHj 


CH, 
or  CjHjj,  and  it  is  obvious  that  the  four  bonds  of  tetrad  carbon  would 
be  satisfied. 

But  CgHg  is  the  formula  of  the  stable  molecule  and  not  CgHjo.  The 
latter  readily  gives  up  six  atoms  of  hydrogen  on  oxidation.  Kekul^, 
therefore,  considers  that  each  carbon  atom  in  the  betizetve.  Taa\R.^s^^ 
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is  linked  doubly  with  one  other  carbon.    This  would  make  an  alternate 

CH 

^\ 
HC      CH 

single  and  double  linking,  as  shown  in  the  formula      |        ||    ,  and 

HC      CH 

CH 
chemists  have  generally  adopted  this  graphic  expression  for  the  benzene 
molecule.    This  formula  agrees  very  well  with  the  formation  of  benzene 
from  acetylene,  H — C^zC — H,  three  molecules  of  the  latter  uniting  at  a 
low  red  heat  to  form  one  molecule  of  benzene,  or  the  formation  of  mesi- 
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CH 
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HC      CH 

HC     CH 

III       = 

=        1       1 

HC      CH 

HC     CH 
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CH 

CH 

tylene    (trimethyl-benzene)  |!|       =         |       Ij       from    acetone 


(see  p.  528)  when  the  latter  is  distilled  with  dilute  sulphttric  add.  It 
also  explains  the  capability  of  benzene  and  its  derivatives  to  form  addi- 
tion compounds  up  to  a  certain  limit. 

2.  Formation  of  Benzene  Homologues. — ^We  have  following 
benzene,  C^H^,  toluene,  (XHg,  xylene,  CgH^,  etc.,  as  far  as  C^Hij.  A 
slight  examination  ofth^e  compounds,  as,  for  example,  with  oxidizing 
agents,  shows  that  there  are  two  parts  in  them  of  very  different  stability, 
a  nucleus,  CgH^  or  C^H^,  not  oxidizable,  and  one  or  two  side-groups, 
CH3,  which  have  replaced  hydrogen  atoms  of  the  original  C^H^,  and 
are  easily  oxidized  to  COOH  groups.  In  other  words,  toluene  is  methyl- 
benzene,  xylene  is  dimethyl-benzene,  etc.,  and  their  formulas  may  be 
written  C^Hj.CHj^  and  CjjH^Hg),,  etc.,  up  to  hexamethyl-benzene, 
CjXCHj)^, ^hin'this  series  of  fioJnologues  stops.  It  is  true  we  can  have 
ethyPBenzene  and  diethyl-benzene  or  methyl-propyl-benzene  and 
similar  derivatives,  but  these  are  not  found  in  any  great  ntunber  in 
nature.  Nor  are  their  derivatives  of  the  same  importance  as  those  of 
the  methylated  benzenes. 

3.  Differences  between  the  Benzene  Hydrocarbons  and  the 
Open-Chain  Hydrocarbons. — (a)  We  notice  first  that  the  action  of 
concentrated  nitric  acid  is  quite  different.  With  the  closed-chain  hydro- 
carbons a  hydrogen  atom  of  the  nucleus  is  readily  replaced  by  the  group 
NO,,  as  CgH«  +  NOj.OH  =  CeH^.NOj  +  HjG,  the  product  being  caUed 
jiitrobengeQe.  '^/jth  paraffin  hydrocarbons  nitric  acid  has  little  or  no 
aCtiOff;  eVefi  when  heated  for  a  time. 

(b)  With  concentrated  sulphuric  acid  the  benzene  hydrocarbons  give 
rise  to  sulphonic  acids,  as  C^U^  -f  SO3H.OH  =CgH5(S03H)  +  H^O,  the 
product  being  called  benLzene-stilphonic  acid.  Concentrated  sulphuric 
acid  has  no  action  on  the  paraffin  hydrocarbons,  and  with  the  olefines 
it  forms  addition  compounds  without  displacement  of  hydrogen. 
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(c)  As  mentioned  before,  under  the  influence  of  oxidizing  agents  the 
homologues  of  benzene  are  easily  oxidized,  yielding  the  corresponding 
carboxylic  acids.  Thus,  tol^ene^  CgH^ — CH^^  is  oxidized  by  dilute 
nitric  acid  or  by  chromic  acid  to  bSazoic  aciHTCgH^OOH.  The  open- 
chain  hydrocarbons  are  only  acted  ii^^OTT^  oxidizmg  agents  with  great 
difficulty. 

(d)  The  hydroxyl  derivatives  like  C^^^JOP  ar^  gmfp  different  from 
the  simple  OH  derivatives  of  the  paraffin  or  other  open-chain  hydro- 
carbons. The  former  have  more  of  an  acid  character,  while  the  latter 
are  basic  hydroxides.     Thus,  CgH^OHJsLJillgnolor^^^  acid,  while 

T^tiyUti  is  ethyl  aicahol,  whicKtonns  esters  or  salts  witRHTe'acids. 

4.  Isomerism  in  the  Closed-Chain  Hydrocarbons. — In  the  hydro- 
carbons of  the  paraffin  series  it  is  possible  to  obtain  isomeric  mono- 
substitution  derivatives,  as,  for  example,  normal  propyl  chloride, 
CHjCl.CHj.CHj,  and  isopropyl  chloride,  CHj.CHCl.CH,;  in  the  case 
of  benzene,  isomeric,  mono  derivatives  cannot  be  obtained^. ..The  six 
hydrogen  atoms  of  the  benzene  seem  to  possess  an  equal  value.  It  is  a 
closed-chain  structure,  and  it  matters  not  at  what  point  in  the  ring  thus 
formed  the  single  substitution  takes  place.  This  fact  has  been  proved 
experimentally.  It  is  different  when  two  atoms  of  hydrogen  in  the 
benzene  molecule  are  replaced  by  other  atoms  or  groups.  These  di- 
substitution  derivatives  may  exist  in  three  isomeric  modifications. 
We  may  have  three  dichlor-benzenes,  three  dimethyl-benzenes,  three 
dinitro-benzenes,  etc.  This  also  has  been  established  experimentally, 
and  the  limit  set  at  three. 

If  we  now  look  at  the  benzene  molecule  as  figured  in  Kekul^'s  theory, 
we  see  the  explanation  of  this  fact.     Taking  the  structural  formtda 

(i)C 

^\ 

(6)  C       C  (2) 

1        |!        ,  and  numbering  the  carbon   atoms  from  the  top  going 
(S)  C       C  (3) 

\/ 

(4)C 

to  the  right,  we  have  for  the  purpose  of  representation  each  one 
indicated.  Now,  if  the  replacement  take  place  at  (i)  and  (2),  or  (2) 
and  (3),  or  (3)  and  (4),  or  (4)  and  (5),  or  (5)  and  (6),  or  (i)  and 
(6),  the  resulting  di-substitution  compound  is  one  and  the  same 
substance.  While  we  figure  this  hexagon  structure  for  convenience 
of  explanation  of  the  observed  characters  of  benzene,  we  do  not  for  one 
moment  pretend  that  it  has  a  fixed  position  in  space  with  a  north  and 
a  south  comer,  or  with  two  eastern  and  two  western  carbon  atoms. 
But  in  the  cases  just  mentioned  the  substitution  has  taken  place  in  con- 
nection with  adjacent  or  directly  connected  carbon  atoms.  To  distinguish 
them  all  such  di-substitution  compounds  are  called  ortho  compounds, 
as  ortho-dichlor-benzene.  If  the  replacement  take  place  at  the  carbon 
atoms  marked  (i)  and  (3),  or  (2)  and  (4),  or  (3)  and  (5),  or  (^d^^^  axvd  (^\^ 
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or  (5)  and  (i),  or  (6)  and  (2),  the  resulting  di-substitution  compound 
is  one  and  the  same  substance.  In  these  cases  the  substitution  hcis  taken 
place  in  connection  with  carbon  atoms  separated  by  one  intervening  carbon 
atom.  Such  compounds  are  called  meta  compounds,  as  meta-dimethyl- 
benzene.  If  the  replacement  take  place  at  the  carbon  atoms  marked  (i) 
-—ailfflSjror  (2)  and  (5),  or  (3)  and  (6),  the  resulting  di-substitution  com- 
pound is  one  and  the  same  substance.  In  these  cases  the  substitution 
has  taken  place  in  connection  with  carbon. atoms  separated  by  two  inter- 
vening carbon  atoms.  Such  compounds  are  called  paro^  compounds 
as  para-dinitro-benzene.  Frequently  these  designatioKT'are  indicated 
by  the  initials  only,  as  o-oxybenzoic  acid,  m-xylene,  and  p-phenol- 
sulphonic  acid. 

When  three  hydrogen  atoms  of  the  benzene  molecule  are  replaced 
the  case  becomes  more  difficult.  We  may  have  three  contingencies  to 
consider  here:  (i)  all  three  substituting  atoms  or  groups  are  alike;  then 
three  isomers  may  exist;  (2)  of  the  substituting  elements  two  are  alike 
and  the  third  is  different;  in  this  case  six  isomers  may  form;  (3)  if  all 
three  substituting  elements  are  different,  ten  isomers  may  form. 

When  more  than  three  substitutions  take  place,  the  number  of  isomers 
becomes  very  great. 

In  distinguishing  between  the  different  tri-  and  tetra-substitution 
derivatives,  at  times  the  designations  v  (standing  for  vicinus,  neighbor- 
iiig)»  ^  (standing  for  symmetrical),  and  a  (standing  for  asymmetrical) 

Cx 

C       Cx 

are  used.     Thus,    |        ''     would    indicate  a   trisubstitutiori    derivative 

C       Cx 


c 

which   would   be   marked   v,  as   v-trinitro-benzene,    while    the    figures 
Cx  Cx 

//\  ^\ 

C       C  C      Cx 

I  II  and  I  I!  would  be  designated  by  the  5  and  a  respect- 
xC       Cx  C      C 

\/  \/ 

C  Cx 

ively,  as  5-trimethyl-benzene  and  a-trichlor-benzene. 

These  cases  of  isomerism,  it  will  be  noticed,  are  all  concerned  with 
the  position  in  the  nucleus  assumed  by  the  replacing  atom  or  group. 
We  may  also  have  side-group  isomerism,  as  normal  propyl-benzene  and 
Ijopropyl -benzene. 

More  important  than  this  last,  however,  is  the  case  where  a  substituent 
enters  the  benzene  nucleus  in  one  case  and  the  side-group  in  another 
case,  giving  us  the  so-called  "mixed  isomerism.'*  Thus,  C^H^Cl.CHj, 
monochlor- toluene,  and  C^H^CHjCl,  benzyl  chloride,  or  CgH^(CHj)j, 
xyJene,  and  CgHj.CjH^,  ethyl-benzene,  are  isomeric. 
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The  determination  of  the  nature  of  a  di-substitution  derivative  of 
benzene,  whether  ortho,  meta,  or  para,  is  to  be  accomplished  by  the 
treatment  with  reagents,  whereby  the  nature  of  the  side-group  may  be 
changed  and  the  product  studied  as  to  its  properties.  Ortho  derivatives 
through  a  series  of  such  changes  will  remain  ortho  derivatives,  and  so 
with  the  meta  and  the  para  compounds.  By  such  a  series  of  transfor- 
mations it  becomes  possible  correctly  to  identify  the  nature  of  the  original 
compound. 


CHAPTER  VI. 

I80CYCUC  COMPOUNDS  CONTAININQ  ONB  NUCLBUa 

In  explaining  the  theories  held  as  to  the  fundamental  differences 
between  the  aromatic  compounds  and  the  open-chain  hydrocarbons 
and  their  derivatives,  we  have  touched  only  upon  the  structure  of  ben- 
zene, taking  it  as  the  type  of  closed-chain  compounds,  and,  in  fact,  the 
starting-point  from  which  they  are  derived.  We  will  see,  however,  later, 
that  two  or  more  of  these  benzene  nuclei  may  unite,  either  by  simple 
linking  without  condensation,  or  by  condensing  together  to  form  a  com- 
pound nucleus,  obviously  related  to  the  simpler  benzene  molectde,  but 
built  up  by  its  doubling  or  trebling  itself.  Thus,  diphenyl,  diphenyl- 
methane,  triphenyl-methane,  and  indigo  all  represent  aromatic  com- 
pounds with  more  than  one  benzene  nucleus  in  which  the  parts  are 
linked  together  without  condensation  of  the  nuclei.  On  the  other 
hand,  naphthalene,  anthracene,  phenanthrene,  quinoline,  and  acridine 
all  represent  molecules  formed  by  the  condensation  of  benzene  nuclei. 

We  shall  first  confine  our  attention  to  those  aromatic  compounds 
in  which  a  single  benzene  nucleus  appears  as  the  basis  of  the  molecule. 

I.    Hydrocarbons. 

I.  Saturated  Hydrocarbons. — ^We  have  here  to  deal  with  benzene 
and  its  homologues.  They  occur  to  some  extent  in  the  free  state  in  nature, 
being  found  in  Galician  and  Hanoverian  petroleum,  and  even  in  small 
amount  in  Pennsylvania  petroleum.  They  are  obtained,  however,  most 
abundantly  as  the  product  of  the  destructive  distillation  of  bituminous 
coal,  and  hence  are  contained  in  coal-tar.  This  is  a  very  complex  mixture, 
and  more  than  forty  distinct  compounds  of  the  aromatic  class  have  been 
identified  in  it.  When  roughly  fractioned  from  the  tar-stills  it  yields 
three  main  fractions:  (i)  The  light  oil,  sp.  gr.  0.9,  boiling  point  up  to 
150°,  which  contains  mainly  benzene  and  its  homologues,  with  some 
naphthalene;  (2)  middle  oil,  sp.  gr.  up  to  i.oi,  boiling  point  150°  to 
210°,  which  contains  especially  naphthalene,  phenol  and  cresol  and 
quinoline  bases;  and  (3)  heavy  oil,  sp.  gr.  up  to  1.04,  boiling  point 
from  210°  to  300°,  containing  besides  naphthalene  and  the  quinoline 
bases  chiefly  anthracene  and  phenanthrene. 

From  the  first  of  these  fractions,  by  careful  fractionating  with  the 
aid  of  column  stills,  the  benzene  hydrocarbons  may  be  obtained.  Their 
separation,  however,  is  not  entirely  possible  by  fractional  distillation 
alone,  but  requires  special  treatment  with  reagents. 

Benzene  derivatives  can  be  formed  from  bodies  of  the  methane  series 
by  a  number  of  reactions,  some  of  which  may  be  noted. 

The  vapors  of  alcohol  when  led  through  a  red-hot  tube  yield  benzene. 
Acetylene  polymerizes  at  a  low  red  heat,  three  molecules  uniting  to  form 
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one  molecule  of  benzene.  This  has  been  illustrated  graphically  (see 
p.  594).  AUylene,  CjH^,  in  the  same  way  polymerizes  to  form  mesitylene 
or  trimethyl-benzene,  CgHi2,  when  distilled  with  dilute  sulphuric  acid. 
Ketones  condense  to  benzene  hydrocarbons  when  distilled  with  dilute 
sulphuric  acid.    Thus,  acetone  yields  mesitylene: 

CH,  CH. 

I  I 

C(0)  c 

\  ^\ 

(H2)CH      CHCHj)  yields  HC       CH 


CH3— C(0)     C(0)— CH3  CH3— C      C— CH3 

(H2)CH  CH 

Hexyl   iodide,    C^HjjI,    can   he   converted   into    hexachlor-benzene, 

CgClj,  by  heating  it  with  ICI3,    and  into  hexabrom-benzene,  CgBr^,  by 

heating  the  hexyl  iodide  with  bromine  at  260°. 

Mellitic  acid,  Cg(COOH)jj,  is  produced  by  the  oxidation  of  graphite 

or  lignite  by  means  of  potassiimi  permanganate. 

These  methods,  however,  may  be  said  to  be  isolated  reactions,  and 

not  used  as  general  methods  for  their  production.     Among  the  general 

methods  may  be  mentioned: 

1.  By  treating  a  mixture  of  brominated  hydrocarbon  and  methyl 
or  ethyl  iodide  with  sodiimi  in  etheral  solution:  CgH^Br  +  CH3I  +  Na2  = 
CeH^.CHj  +  Nal  +  NaBr. 

2.  By  the  action  of  methyl  chloride  upon  benzene  or  its  homologues  in 
the  presence  of  alimiinum  chloride:  CgHg  +  2CH3CI  =  CgH^(CH3)2  +  2HCI. 

3.  The  benzene  hydrocarbons  result  from  their  respective  carboxylic 
acids   by    distilling   them  with  soda-lime:    CgH^.CGOH  =  CgHg  +  COj. 

4.  From  sulphonic  acids  by  the  separation  of  the  SO3H  group:  CgH^- 
(CH3)S03H  +  H^G  =  CgH,(CH3)  +  H^SO,. 

5.  By  distillation  of  the  phenols  with  zinc-dust. 

The  general  characters  of  the  benzene  hydrocarbons  that  seem  most 
important  are: 

1.  They  may  all  be  distilled  without  decomposition.  Most  of  them 
"are  colorless  liquids  of  peculiar  aromatic  odor.  Durene,  penta-  and 
hexamethyT-benzene  are   crystalline   solids   at  ordinary   temperatures. 

2.  Ais  before  stated,  they  readily  form  nitro  and  sulphonic  derivatives. 

3.  Benzene  oxidizes  with  some  difficulty  to  oxalic,  formic,  and  carbonic 
acids;  the  aromatic  hydrocarbons  with  side-groups  are  readily  oxidized 
to  acids,  as  CgH,(CH3)2=CgH,(COOH)2. 

4.  By  reduction  with  hydrogen  iodide  under  pressure  at  high  tempera- 
tures the  benzene  hydrocarbons  add  on  hydrogen  up  to  the  limit  of  six 
atoms. 

The  halogens  form  with  benzene  in  sunlight  addition  compounds 
"'*~     On  the  other  hand,  in  diffused  daylight  they  form  sub- 
stitution  compounds  like  CgH^Cl. 
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The  most  important  of  the  benzene  hydrocarbons  are  shown  arranged 
in  tabular  form  on  the  opposite  page. 

Benzene,  CgH^,  was  discovered  by  Faraday  in  1825,  and  detected 
in  coal-tar  by  Hofmann  in  1845.  It  is  practically  always  obtained  from 
the  light  oil  of  tar  by  taking  the  purified  fraction  boiling  at  83^-85*^ 
and  chilling  it,  when  the  benzene  will  crystallize  out  from  the  adhering 
portions  of  higher  homologues.  It  is  also  obtainable  from  illimiinating 
gas,  or  perfectly  piire  h^  distilling^  benzoic  acid  with  lime.  It  has  a  melt- 
ing point  of  5.2"^,  and  a  boiling  point  of  80°.  Sp.  gr.^.871  at  2  5°C.  It 
bums  with  a  luminous  but  smoky  flame.  It  is  an  excellent  solvent  for 
fats,  resins,  iodine,  sulphur,  and  phosphorus.  Commercial  benzene  gener- 
ally contains  thiophene,  and  hence  gives  the  indophenin  reaction  (see  p. 
590).  Is  used  on  a  large  scale  as  the  starting-point  for  the  manufacture  of 
aniline  and  other  technical  products  of  value  in  the  color  industry. 

.loluene^Methyl'henzene) ,  CgH5.CH.p  is  formed  by  the  distillation  of 
certaiflT  resins,  as  Tolu  balsam  (whence  the  name),  dragons *-blood,  etc. 
Is  generally  obtained  along  with  benzene  in  the  light  oil  of  tar.  It  can 
also  be  made  synthetically,  as  mentioned  under  general  modes  of  forma- 
tion (sec  p.  599).  It  is  very  similar  to  benzene,  and  when  obtained  from 
coal-tar  is  often  contaminated  with  thiotolenc  (methyl-thiophene). 
Toluene  boils  at  111°,  and  is  still  Hquid  at — 28°.  Oxidized  by  nitric 
or  chromic  acid  it  yields  benzoic  acid.  Is  less  poisonous,  taken  internally, 
than  benzene.  It  is  changed  into  benzoic  acid  in  the  organism,  and 
eliminated  from  the  system  as  hippuric  acid. 

^/««^-<Dimethyl-benzenes),   CgH^.(CH3)2. — The   xylene  of   coal-tar 

is  a  mixture  of  the  three  isomers,  meta-xylene  making  up  70  to  85 
per  cent,  of  it.  The  boiling  points  lie  so  close  (142°,  139°,  137°)  that 
they  cannot  be  separated  by  fractional  distillation.  As  m-xylene  is 
oxidized  more  slowly  than  its  isomers,  it  can  be  separated  in  this  way. 
The  others  are  separated  by  converting  them  into  sulphonic  compounds. 
When  oxidized  they  yield  the  corresponding  isomeric  phthalic  acids. 

EithyL-'bmzene,  CgH^.CjHj,  has  been  made  synthetically  from  brom- 
benzerie  and  ethyl  iodide  in  the  presence  of  AlgCl^.  Boils  at  134°.  When 
oxidized  yields  benzoic  acid. 

Mesitylene  (1:3:5  Trimethyl-benzene),  C^H3(CH3)3,  is  contained  in  coal- 
tar  along  with  the  other  two  isomeric  trimethyl-benzenes.  It  can  also 
be  prepared  from  acetone  or  allylene  (see  page  594).  It  is  a  liquid  of 
agreeable  odor.  Nitric  acid  oxidizes  the  side-groups  one  by  one,  pro- 
ducing successively  a  monobasic,  a  dibasic,  and  a  tribasic  acid. 

Cumene  (Isopropyl-benzene),  CgH5(C3H7),  is  produced  by  the  distilla- 
tion of  cumic  acid  with  lime  as  well  as  synthetically.     Boils  at  153*^. 

Durene  (Tetramethyl-benzene) ,  CgH2(CH3)^,  has  been  found  in  coal- 
tar,  and  can  be  made  from  toluene  and  methyl  chloride  in  the  presence 
of  AlgClg.  It  is  a  solid,  melting  at  79°,  and  possesses  a  camphor-like 
odor. 

Cytnene  (Methyl-propyl-benzene),  CgH^(CH3)(C3H7). — It  is  found  in 
Roman  cumin  oil,  as  well  as  in  eucalyptus  and  thyme  oils,  and  results 
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upon  heating  camphor  with  PJO^  and  P^S^.    It  is  a  liqtiid  of  agreeable 
odor,  boiling  at  176^. 

a.  Unsaturated  Hydrocarbons. — ^The  unsaturated  hydrocarbons 
of  the  aromatic  series  are  formed  by  the  entrance  of  the  benzene  radicals 
(phenyl)  into  the  unsaturated  hydrocarbons  of  the  methane  series. 
Thus,  by  the  replacement  of  a  hydrogen  atom  of  ethylene,  CH2=CH2, 
we  obtain  CjH5.CH=CH,,  Phenyl-ethylene  or  Styrene,  and  by  the 
replacement  of  a  hydrogen  atom  in  acetylene,  CH^^H,  we  obtain 
C^Hj.C^^H,  Phenyl  acetylene. 

S^jT^ne  (Phenyl-ethylene),  CjH4.CH=CHj,  is  found  in  storax  (Styrax, 
U.S.P.),  from  the  bark  of  Ltquidambar  ortenUdis,  and  in  small  amount 
in  co^-tar.  May  be  made  synthetically  by  passing  a  mixture  of  benzene 
and  ethylene  through  red-hot  tubes,  or  by  the  heating  of  cinnamic  acid 
with  water  to  200^.  Aromatic-smelling  liquid,  boiling  at  144®.  It  is 
optically  inactive. 

Phenyl-acetylene,  C,Hj.C^=CH,  may  be  prepared  by  heating  styrene 
bromide,  CgHgBr,,  with  potash:  C8H8Br,+  2K0H=CgHe+  aHBr  +  2H,0; 
also  by  the  splitting  off  of  CO,  from  phenyl-propiolic  acid,  CjH5.C^=C.- 
COOH.  Pleasant-smelling  liquid,  boiling  at  139®.  Shows  its  character 
as  an  acetylene  derivative  by  combining  with  silver  and  cuprous  solu- 
tions to  form  explosive  metallic  compounds. 

These  tmsaturated  hydrocarbons,  like  the  ethylene  and  acetylene 
series,  combine  directly  and  easily  with  the  halogens  to  form  addition 
compotmds. 

.  3.  Hydrogen  Addition  Compounds  of  the  Benzene  Series.— 
/  /  We  have  already  stated  that  benzene  and  its  homologues,  by  prolonged 
treatment  with  HI  under  pressure,  can  be  made  to  take  up  six  hydrogen 
;  atoms.  The  compotmd  so  formed  from  benzene  is  CgH,2  and  the  molecule 
shows  six  CH2  groups  in  a  closed  chain,  hence  the  name  hexameihyletie. 
This  hydrocarbon  and  its  homologues  have  sometimes  been  called  the 
"  naphthenes, "  and,  although  isomeric  with  the  olefines,  differ  from 
them  notably,^  For  instance,  they  are  not  attacked  by  alkaline  per- 
manganate solution,  do  not  dissolve  in  sulphuric  acid,  and  are  not  able 
to  add  on  bromine.  They  are  found  in  considerable  quantity  in  Russian 
petroleiun,  and  in  smaller  amount  in  other  oils.  They  very  readily  yield 
to  oxidizing  agents,  and  give  up  the  six  atoms  of  extra  hydrogen. 

II.  The  Halogen  Derivatives  op  the  Benzene  Hydrocarbons. 

The  halogen  derivatives  of  these  hydrocarbons  are  formed  by  substitu- 
tion. With  benzene,  these  derivatives  are  entirely  analogous  to  the 
halogen  substitution  derivatives  of  methane  and  its  homologues,  C^H^.Cl, 
monochlor-benzene  or  phenyl  chloride,  being  the  analogue  of  CH3.CI, 
monochlor-methane  or  methyl  chloride,  or  CjHjCl,  monochlor-ethane 
or  ethvl  chloride. 

With  toluene  and  the  higher  members  of  the  benzene  series,  however, 
we  have  the  possibility  of  the  replacement  of  the  hydrogen  of  the  side- 
group  as  well  as  the  hydrogen  of  the  nucleus,  giving  rise  to  a  great  number 


AROMATIC  COMPOUNDS  WITH  ONE  NUCLEUS. 


603 


of  isomers.  The  halogen  atoms  which  are  attached  to  the  nucleus  are 
much  more  firmly  held  than  those  W|iich  enter  in  the  side-group  only. 
Ammonia  and  oxidizing  agents  will  attack  and  eliminate  the  chlorine 
of. the  side-group,  but  not  affect  that  contained  in  the  nucleus.  This 
action  of  oxidizing  agents  is  so  distinctly  different  as  to  serve  to  distinguish 
whether  the  chlorine  is  prese'nt  in  the  one  position  or  the  other. 

SUMMARY   OF   HALOID   SUBSTITUTION    PRODUCTS. 


CeHsCl,  Chloro-benzene, 

CeHsBr.  Bromo-benzene, 

CeHsI,  lodo-benzene,  b. 

b.  p.  133°. 

b.  p.  154°. 

p.  185°. 

CeH4Cla,  Dichloro- 

CeH4Br9,  Dibromo- 

Diiodo-benzenes. 

benzenes. 

benzenes. 

0-179^  m-  I72^  p'  I73^ 

0-  224®,  m-  219®,  p-  219®. 

CeHsCla,  Trichloro-benzenes,  three  isomers. 
CeHaCU,  Tetrachloro-benzenes,  three  isomers. 
CeHCU.  Pentachloro-benzene. 
CeCle*  Hexachloro-benzene,  m.  p.  226°,  b.  p.  332°. 


CeH4Cl(CHs) Isomeric   with  CeHs.CHaCl. 


Chloro-toluenes.  three  isomers 
CeHsClaCCHa)        .... 
Dichloro-toluenes,  six  isomers 


if 


tt 


»» 


CeHsCl(CH8)a        .      .      .      . 
Chloro-xylenes,  six  isomers  . 


it 


»* 


If 


Benzyl  chloride,  b.  p.  1 79®. 

CeHs.CHCla. 

Benzal  chloride,  b.  p.  a 06**. 

CeHo.CCla. 

Benzo-trichloride,  b.  p.  213®. 

CeH4(CHs)CHaCl. 

Xylyl  chlorides. 


Modes  of  Formation, — Chlorine  and  bromine  acting  upon  benzene 
readily  yield  monochloro-  and  monobromo-benzene.  A  further  substitu- 
tion takes  place  especially  easily  in  the  presence  of  iodine.  This  acts 
as  a  carrier  of  chlorine  or  bromine,  and  by  its  presence  aids  in  the  intro- 
duction of  these  elements. 

In  the  homologues  of  benzene,  if  the  chlorination  takes  place  in  the 
cold,  the  chlorine  enters  the  nucleus;  if  at  a  boiling  temperature,  it 
enters  the  side-group. 

The  action  of  phosphorus  pentachloride  upon  phenols  and  aromatic 
alcohols  also  serves  to  form  the  halogen  derivatives. 

The  nitro  or  primary  amido  compounds  of  the  benzene  hydrocarbons 
may  also  be  converted  into  halogen  compounds  by  first  converting  them 
into  the  diazo  compounds,  and  then  boiling  these  with  cuprous  chloride: 

C6H5.N=N.C1     =    CsHsCl     -f     Na. 

Monochloro-benzene,  CgH^Cl,  "j 

Monobromo-benzene,  C^HjEr,  >    are  all  colorless   liquids  of   peculiar, 

MonoiodO'benzene,  C^H^I,       j 
aromatic  odor.     The  boiling  points  have  been  given  in  the  table. 

^enzvlChloride,  CfiH„.CHXl.  is  formed  by  the  action  of  chlorine  upon 
^  SL  boiling  temperature.    When  oxidized  it  yields  benzoic  acid« 
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This  reaction,  together  with  the  fact  that  prolonged  boiling  with  water 
or  potassium  carbonate  solution  changes  it  into  benzyl  alcohol,  C^H^.- 
CHgOH,  shows  that  the  chlorine  is  present  in  the  side-group.  Colorless 
liquid,  boiling  at  179°.  It  is  used  on  a  large  scale  for  the  manufacture 
of  benzoic  aldehyde  (oil  of  bitter  almonds). 

Benzol  Chloride,  CgH^.CHClj,  is  produced  by  the  further  chlorination 
of  boiling  toluene,  also  from  benzoic  aldehyde  by  the  action  of  PCI,. 

It  is  used  in  the  manufacture  of  benzaldehyde  and  benzoic  acid. 
When  heated  with  water  or  sulphuric  acid,  or,  as  is  done  on  a  large  scale, 
with  water  and  calcium  hydroxide,  the  benzal  chloride  is  changed  into 
the  aldehyde,  CeH.CHCl^  +  H^O  =  CeH,.CHO  +  2HCI. 

BenzO'irichlaride,  CgHj.CClg,  sometimes  termed  Phenyl-chloroform, 
is  used  on  a  large  scale  for  the  manufacture  of  artificial  benzoic  acid. 
For  this  purpose  it  is  heated  with  water  under  pressure: 

CeHo.CCls     4-     aHaO     -     CeHc.COOH     -{      3HCI. 

III.     SuLPHONic  Derivatives. 

The  sulphonic  acids  of  the  aromatic  series,  like  those  mentioned  under 
the  methane  derivatives,  contain  the  monad  group  HSO^,  but  are  much 
more  readily  formed.  They  result  from  the  action  of  strong  or  fuming 
sulphuric  acid  upon  a  great  variety  of  aromatic  compounds,  and  play 
quite  an  important  part  in  the  technical  application  of  the  benzene 
derivatives,  and  latterly  in  the  manufacture  of  synthetic  compounds 
of  medicinal  value.  Thus  we  may  have  the  following  classes  of  sulphonic 
acid  derivatives: 

1.  Sulphonic  acids  of  the  hydrocarbons,  as  benzene-sulphonic  acid, 
X  CfiHsHSO,. 

2.  Sulphonic  acids  of  the  phenols,  as  phenol-sul phonic  acid,  C^H^ 
(OH)HSO,. 

3.  Sulphonic  acids  of  the  amines,  as  amido-benzcne-sulphonic  acid, 
C,H,(NH,)HSO,. 

4.  Sulphonic  acids  of  the  diazo  compounds,  as  diazo-benzene-sul phonic 

SO 
acid,  CeH,<j^.^>. 

5.  Sulphonic  acids  of  the  azo  compounds,  as  azo-benzene-sulphonic 
acid,  C,H,.N  :  N— CgH.HSO,. 

6.  Sulphonic  acids  of  the  hydrazines,  as  phenyl-hydrazine-sulphonic 
acid,  C,H,.NH— NH— HSO,. 

In  general,  these  sulphonic  acids  and  their  salts  are  very  stable  com- 
pounds, mostly  soluble  in  water,  difficultly  soluble  in  alcohol. 

When  fused  with  caustic  potash  or  soda,  they  yield  phenols  and 
sulphites,   C.H^.NaSO^  f  NaOH     -  C,H,.OH  +  Na,Sb,. 

When  distilled  with  potassium  cyanide,  they  yield  cyanides  or  nitriles. 

When  heated  with  fuming  hydrochloric  acid  or  with  water  under 
pressure,  they  regenerate  the  same  hydrocarbons  from  which  they  were 
originally   formed,  CeH^.HSOa  -(-  Up  -=  C,Hg  +  H^SO,. 
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Benzene-fnonosulphonic  Acid,  C^Hj.HSOg,  is  obtained  by  heating 
benzene  with  concentrated  sulphuric  acid.  The  excess  of  sulphuric 
acid  is  removed  by  addition  of  bariiun  or  lead  carbonate,  as  both  the 
barium  and  lead  salts  of  the  sulphonic  acid  are  soluble.  It  forms  small, 
crystalline  leaflets,  deliquescing  in  the  air,  and  easily  soluble  in  water. 
Because  of  the  fact  stated  above,  that  when  fused  with  caustic  alkalies 
it  yields  phenol,  it  is  of  importance  in  the  manufacture  of  synthetic 
carboUc   acid. 

Benzene-disulphonic  Acids,  CgH^(HS03)2. — Three  isomers  are  obtain- 
able. The  para  compound  when  fused  with  caustic  alkali  yields  the 
diatomic  phenol,  resorcin.     (See  Resorcin.  p.  618.) 

Tolueyie-suLphonic  Acids,  CgH^(CH3)HS03,  exist  in  three  isomeric 
modifications. 

Xylene-stUphonic  Acids,  CgH3(CH3)2HS03. — The  different  isomers 
of  this  substance  are  utilized  to  separate  the  isomeric  xylenes.  (See 
p.  601.) 

The  higher  homologues  of  benzene,  except  hexamethyl-benzene,  are 
all  capable  of  yielding  sulphonic  acids. 

The  sulphonic  acids  of  the  several  classes  of  benzene  derivatives  will 
be  mentioned,  when  of  sufficient  importance,  under  the  different  groups 
of  compounds. 

y^  IV.     NiTRO  Derivatives. 

/  "^.  ■ 

By  the  action  of  the  strong  nitric  acid  upon  the  aromatic  hydrocarbons, 
derivatives  in  which  one  or  more  hydrogen  atoms  are  replaced  by  the 
monad  group,  NOj,  are  formed.  These  are  mostly  soluble  in  the  strong 
nitrating  acid,  and  are  thrown  out  of  solution  on  dilution  with  water. 
Thus,  from  benzene  we  have  C^Hg  +  NOj.OH  =  CgH^.NO,  +  HjO,  and 
from  toluene  C,H,.CH3  +  NO^H  ---  C6H,(CH3)N02  +  HOH.  When  more 
than  one  such  replacement  takes  place,  we  distinguish  by  the  names 
mononitro-benzene,  dinitro-benzene,  trinitro-benzene,  etc. 

In  all  these  cages  the  NOj  group  attaches  itself  to  the  nucleus,  and 
not  to  the  side-group.  Whether  one  or  more  such  replacements  shall 
take  place  is  dependent  upon  the  strength  of  the  acid  and  the  length  of 
time  of  its  action. 

The  nitro  compounds  are  mostly  pale  yellowish  liquids,  distilling  unde- 
composed  in  a  current  of  steam,  or,  in  the  case  of  the  higher  derivatives, 
yellowish  needles  or  prisms.  They  are  heavier  than  water,  and  insol- 
uble therein,  but  generally  soluble  in  alcohol,  ether,  and  glacial  acetic 
acid.  All  the  nitro  compounds  are  reduced  in  acid  solution  by  the  action 
of  nascent  hydrogen,  forming  the  corresponding  amido  compounds. 
This  may  be  effected  by  the  action  of  tin  and  hydrochloric  acid,  stan- 
nous chloride  and  hvdrochloric  acid,  or  iron  and  acetic  acid.  Thus, 
CeH,.NO,+  H,=  C,H3.NH2+  2H,OandC,H,(N02)2+  H,2=C,H,(NH,),- 
+  4H2O. 

The  nitro  compounds  are  of  very  great  technical  importance  as  neces- 
sary steps  in  the  manufacture  of  aniline  and  similar  amido  compoundi^. 
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Nifr(hbenMene,  C,H5.N0j|,  is  formed  by  adding  benzene  gradually  to 
well-cooled  fuming  nitric  add  as  long  as  it  seems  to  dissolve.  After 
some  standing  the  nitro-benzene  is  separated  by  the  addition  of  water, 
washed  with  water  and  dilute  caustic  soda,  and  purified  by  distilling  in 
a  current  of  steam.  It  forms  a  light  yellowish  liquid  smelling  strongly 
of  bitter  almonds,  boiling  at  206^,  and  crystallizing  in  needles  at  3^.  It 
is  manufactured  on  a  large  scale  as  a  step  in  the  manufacture  of  aniline, 
and,  pharmaceutically,  under  the  name  of  "mirbane  oil,"  as  a  basis  of 
toilet  preparations,  soaps,  etc.,  because  of  its  characteristic  odor.  It  is 
poisonous. 

Dinitro-benzenes,  C^H^CNO,),.  are  formed  when  benzene  is  added  to  a  mix- 
ture of  equal  volumes  of  concentrated  nitric  and  sulphuric  adds  and  the 
mixture  heated  to  boiling.    All  three  isomers  are  solid  and  crystallizable. 

Nifro-toluenes ,  C^^ipH^^O^. — ^When  toluene  is  acted  upon  by  strong 
nitric  add,  the  ortho-  and  para-  nitro-toluenes  are  formed,  the  meta  com- 
poimd  being  absent,  although  obtainable  by  indirect  means.  By  boiling 
with  fuming  nitric  add  the  nitro-toluenes  are  changedinto  dinitrotoluenes. 

Commerdal  benzene,  bdng  always  a  mixttu^  of  benzene  and  toluene, 
yields  on  nitration  a  mixture  of  nitro-benzene  with  the  several  nitro- 
toluenes  above  mentioned. 

The  presence  of  a  halogen  atom  repladng  an  atom  of  hydrogen  in  the 
benzene  nucleus  does  not  interfere  with  the  nitration,  so  that  compound 
derivatives  are  easily  formed.  Thus,  chloro-benzene  is  readily  nitrated, 
and  yields  three  isomeric  chloronitro-benzenes. 

A  derivative  of  this  character  is  trinitrochloro-benzene,  CgHjCNO^jj.- 
Cl,  which  acts  like  an  add  chloride,  and  corresponds  to  C^HjCNOj),©!!, 
the  so-called  "picric  add**  (see  Trinitro-phenol,  or  Picric  Acid). 

V.    Amido  Derivatives  of  the  Benzene  Hydrocarbons. 

In  studying  these  compounds  it  is  necessary  to  remember  that  they 
can  be  looked  at  from  two  points  of  view:  first,  as  benzene  in  which  one 
or  more  atoms  of  hydrogen  of  the  nucleus  are  replaced  by  the  group  NH^, 
or  as  ammonia  in  which  one  or  more  hydrogen  atoms  are  replaced  by 
the  radical  C^H^,  or  similar  aromatic  hydrocarbon  radical.  Thus,  C^H,- 
NH,  is  called  amido-benzene  when  looked  at  from  the  first  point  of  view. 
or  phenylamine  when  looked  at  from  the  second  point  of  view,  and  con- 
sidered as  analogous  to  methylamine,  CHj.NHj.  Moreover,  just  as  we 
had  secondary  and  tertiary  amines  like  dimethylamine  and  trimethyl- 
amine,  so  we  have  diphenylamine  and  triphenylamine.  We  have,  also, 
the  classes  of  monamines  and  diamines  according  as  one  or  two  molecules 
of  ammonia  are  taken  as  the  basis  of  replacement.  The  amido  group  NH* 
can  also  replace  hydrogen  of  the  side-group  in  the  homologues  of  benzene! 

In  the  accompanying  tables  we  have  indicated  first  the  primary 
amines,  which,  containing  the  group  NHj,  may  also  be  called  amido 
compounds,  and  then  compared  with  these  the  secondary  and  tertiar>' 
amines,  containing  NH  and  N  respectively,  combined  with  aromatic 
radicals. 
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I.    TABLE   OF   PRLMARY   AMINES.      AROMATIC  AMIDO- 

DERIVATIVES. 


From  Benzene. 


CeHs.NHs,  Aniline, 
b.  p.  183^ 


From  Toluene. 


From  Xylene. 


From  Pseudo> 
cumeiie. 


CeH4(CHs).NHa, 
Toliiidines:  o-  b. 
p.  199®,  w-  200®, 
/>-  198**. 


CeHs(CHs)a.NHa. 
Xylidines;  six 
isomers. 


CeH4(NOa).NHa. 
Nitranilines. 


CeH5.(CHa.NHa). 

Benzylamine. 
CeHs.  (CHa.CHa.- 

NHa).  Phenethyl- 


amine. 


C«H4(NHa)a. 
Phenylenedia- 


mme. 


CeH8(NHa)8.  Tri- 
amido-benzene . 


CeH8(CHs)(NHa)a. 
Toluylenedia- 
mine. 


C6Ha(CHs)sNHa. 
Pseudocumidine . 


II.     TABLE   OF   SECONDARY   AND   TERTIARY  AMINES. 


Secondar>'. 

Tertiary. 

(C6H5)a.NH,  Diphenylamine. 

(CeH5)sN.  Triphenylamine. 

Basic  Substituted  Amines. 


CeH5.NH.CHs,  Methyl-aniline. 
CeHs.NH.CaHs.  Ethyl-aniline. 
(C6H5)aN.N0,  Nitrosodiphenylamine. 


C6H5.N(CHs)ai  Dimethyl-aniline. 
C6H8N(CaH5)a.  Diethyl-aniline. 
CeH4(NO).N(CH8)a.  Nitrosodimethyl- 
aniline. 


Acid  Substituted  Amines  (Anilids). 


C«H8.NH(CaHsO),  Acetanilid. 
(C8H8.NH)aCO,  Carbanilid. 
(C«H8NH)(NHa)CS,  Phenyl-sulphurea. 


CeH8.N(CHs)(CaHsO).  Methyl-acetan- 

ilid. 
(CeH8.N)C0,  Phenyl-cyanate. 
(CeH5N)CS.  Phenyl  mustard  oil. 


!•  Primary  Monamines. — ^This  most  important  class  is  formed  most 
readily  by  the  reduction  of  the  corresponding  compounds  in  acid  solution, 
as  already  mentioned.    This  is  the  process  used  in  the  technical  manu- 
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facture  of  aniline  and  its  homologues.  If  a  dinitro  compound  is  taken 
we  may  obtain  by  partial  reduction  a  nitro-amido  compound,  such  as 
nitraniline.  Primary  monamines,  with  the  NH^  groups  in  the  side- 
chain,  Hke  benzylamine,  are  formed  differently.  These  result  from  the 
action  of  ammonia  upon  such  halogen  derivatives  as  contain  the  halogen 
in  the  side-group:   C,R,,CRJC\  +  NH3  =  CgH,.CH2NH2  +  HCl. 

The  determination  as  to  whether  the  amido  group  may  be  attached  to 
the  nucleus  or  to  the  side-group  can  be  had  by  one  of  two  reactions:  first, 
only  those  with  the  amido  group  in  the  side-chain  result  by  the. action 
of  ammonia  upon  a  haloid  derivative  of  a  hydrocarbon;  second,  only 
the  primary  amines  with  the  NHj  group  in  the  nucleus  are  changed  by 
nitrous  acid  into  diazo  compounds,  according  to  the  reaction. 

CeHsNHa.HCl     4      HNOa     :        CeHo— N     N— CI      ;      2HaO. 

Aniline  Hydrochloride.  Diazo-Benzene  Chloride. 

Two  Other  characteristic  and  important  reactions  for  primary  amines 
may  be  mentioned.  By  the  action  of  acids  or  acid  anhydrides  upon  these 
amines  the  hydrogen  of  the  NHj  group  is  replaced  by  an  acid  radical. 
These  compounds  are  called  anilids:  .  ■    \     > 

'  '/  CeHsNHa     +     CH3COOH     -.     CeHcNHCCHaCO)     -\-     HaO. 

Aniline.  Acetic  Acid.  Acetanilid. 

With  chloroform  and  alcoholic  potash  solution  the  primary  amines  of 
the  benzene  series,  just  as  those  of  the  methane  series,  yield  the  fearful- 
smelling  carbylamines  (isonitriles): 

CeHsNHa      :       CHCI3      •       3KOH  CeHs— NC  3KCI  3H2O. 

Aniliyic  (Amido-bcnzcnc  or  Phenylaminc),  C^H.^.NH^,  was  first  ob- 
tained in  1826  from  the  dry  distillation  of  indigo  (Portuguese  anil).  It 
is  also  contained  in  coal-tar  and  in  bone-oil.  Colorless,  oily  liquid, 
turning  yellow  or  brown  on  exposure  to  the  air.  Possesses  a  weak  but 
peculiar  odor.  Boils  at  184°,  and  solidifies  at  — 8°.  It  has  no  action 
upon  litmus,  but  is  a  weak  base.  It  is  poisonous,  and  is  a  good  solvent 
for  many  compounds  like  indigo  and  sulphur.  Unites  like  ammonia  by 
direct  addition  to  acids  to  form  salts  like  C,;Hr,.NH.,.HCl  and  (C^jH^NHj),.- 
H2SO,. 

Small  quantities  of  aniline  in  solution  are  recognized  by  the  action  of 
a  solution  of  bleaching  powder,  which  gives  a  violet  color  transient  in 
character.  A  solution  of  aniline  in  concentrated  sulphuric  acid  is  first 
colored  red  and  then  deep  blue  by  a  grain  of  potassium  bichromate.  A 
solution  of  K^Cr^O-,  on  the  other  hand,  in  acid  solution  of  aniline  sulphate 
produces  a  dark-green  color,  which  in  the  end  gives  a  precipitate  of  aniline 
black.  The  aqueous  solution  of  aniline  sulphate  colors  paper  pulp  made 
from  wood-fibre  intensely  yellow.  This  is  used  as  a  test  for  wood-pulp 
in  paper. 

Substituted  Anilines. — The  modification  of  the  aniline  molecule  may 
arise  from  the  replacement  of  hydrogen  of  the  nucleus  by  replacing 
groups,  or  by  the  replacement  of  the  hydrogen  in  the  amido  group  NH,. 
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(a)  Subsiiiuted  Anilines  with  Replacement  in  the  Nucleus. — We  may 
have  according  to  theory  three  isomeric  chloro-,  bromo-,  or  iodo-anilines. 
These  are  of  no  present  importance.  We  may  have  also  three  iosmeric 
Nitranilines,  CgH^(N02)NH2.  These  all  crystallize  in  yellow  needles  or 
prisms,  readily  soluble  in  alcohol,  but  only  slightly  soluble  in  water. 
They  go  into  the  phenylenediamines,  CgH^(NH2)2f  on  reduction.  They 
are  also  converted  into  nitrophenols  when  boiled  with  alkalies,  ammonia 
being  liberated. 

AmidO'benzene-sulphonic  Acids,  CgH^(HS03).NH2. — By  heating  aniline 
with  fuming  sulphuric  acid,  as  well  as  by  the  heating  of  aniline  sulphate 
to  185°  to  200°,  the  para  acid,  known  as  Sulphanilic  Acid,  is  formed. 
It  crystallizes  with  one  molecule  of  water  in  somewhat  difficultly  soluble 
rhombic  tablets.  The  meta  acid,  known  as  Metanilic  Acid,  finds  appli- 
cation, as  well  as  the  sulphanilic  acid,  in  the  manufacture  of  azo  dye- 
colors. 

(6)  Substituted  Anilines  with  Basic  Groups  in  Side-Chain. — By  the 
action  of  aniline  hydrochloride  and  an  alcohol  we  have  formed  such  com- 
pounds as: 

Methyl-aniline,  CgH^.NHCCHj),  which  is  lighter  than  water,  and  has 
an  odor  like  that  of  aniline,  but  stronger  and  more  aromatic. 

Dimethyl-aniline,  C^j..li{Cl{^2*  ^^  ^^  ^^^  ^^  sharp  odor,  solidifying  at 
0.5°  and  boiling  at  192.6**.  When  oxidized  with  mild  oxidizing  agents 
it  is  changed  into  methyl  violet,  one  of  the  aniline  dyes.  With  benzo- 
trichloride,  CgH5.CCl3,  dimethyl  aniline  reacts  to  form  malachite  green. 

(c)  Substituted  Anilines  with  Acid  Groups  in  Side-Chain. — ^These  are 
also  known  as  Anilids.  They  are  formed  by  the  action  of  acid  anhydrides 
or  acid  chlorides  upon  aniline. 

Formanilid,  CgH5.NH(HC0),  is  obtained  by  the  rapid  distillation  of 
93parts  of  aniline  with  1 26  parts  of  crystallized  or  90  parts  of  dehydrated 
oxaHc  acid:    C20,H2  +  CgH,.NH2  =--  HjG  +  COj  +  CgH^NHCHCG). 

It  forms  colorless  crystals,  melting  at  46°,  tolerably  easily  soluble  in 
water,  easily  soluble  in  alcohol.  Is  decomposed  by  dilute  acids.  Used 
for  both  external  and  internal  use,  as  a  local  anaesthetic  or  as  an  anti- 
pyretic. 

Acetanilid,  CgH^.NHCCgHgO)  (Acetanilidum,  U.S.P.). — 100  parts  of 
pure  aniline  and  100  parts  of  glacial  acetic  acid  are  boiled  in  a  round- 
bottomed  flask  provided  with  inverted  condenser  for  from  one  to  two 
days,  until  a  drop  taken  out  for  testing  perfectly  solidifies  on  cooling,  or 
until  a  drop  added  to  dilute  caustic  soda  solution  shows  no  free  aniline. 
It  is  then  fractionally  distilled.  When  the  water  produced  in  the  reaction 
has  distilled  off,  the  temperature,  as  shown  by  the  thermometer,  rises 
rapidly,  and  the  Liebig  condenser  is  changed  for  a  straight  glass  tube, 
not  cooled  in  any  way,  as  otherwise  the  acetanilid  solidifying  in  the  tube 
would  cause  stoppage.  The  pure  substance  distils  at  295°,  and  solidi- 
fies on  cooling.  It  may  be  recrystallized  out  of  boiling  water.  It  forms 
colorless,  odorless  scales,  neutral  to  test-paper,  melting  at  113°,  and  boil- 
ing, as  said,  at  295°.    Difficultly  soluble  in  cold  water,  more  readily  in 
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hot  water,  readily  in  alcohol  and  ether.  Is  decomposed  by  hydrochloric 
acid  into  aniline  and  acetic  acid.  Heated  with  dry  zinc  chloride  to  250°- 
270**  it  yields  **flavaniline,'*  C^gHj^Nj,  a  dye-stuff,  dissolving  in  hydro- 
chloric acid  with  moss-green  color.  First  introduced  under  the  name 
of  **antifebrin,''  and  largely  used  as  an  antipyretic  and  antineuralgic. 
In  some  cases  it  has  been  used  for  external  use  as  an  antiseptic. 

Para-bromacetanilid,  CgH^BrNH(C2H30),  has  been  used  in  medicine 
under  the  name  of  "antisepsin"  or  "asepsin." 

Methyl-aceta'^ilid  (Rvalgrin) ^  n^TT,  N (CM^\  (C.^V{fi\    is    best  made  by 

the  acetylating  of  monomethyl-aniline  by  a  method  analogous  to  that 
described  for  acetanilid.  Forms  large  crystalline  needles,  difficultly  sol- 
uble in  cold  water,  easily  soluble  both  in  dilute  and  concentrated  alcohol. 
Has  been  used  as  an  antineuralgic. 

Benzanilid,  CgH,.NH(CgH^CO),  is  formed  by  the  action  of  benzoic 
anhydride  or  benzoyl  chloride  upon  aniline.  Colorless,  pearly,  lustrous 
scales,  distilling  without  decomposition.  Insoluble  in  water,  moderately 
soluble  in  cold  alcohol,  more  readily  in  hot  alcohol.  Used  as  an 
antipyretic. 

Gallanilid,  CgH5.NH[CgH2(OH),CO].— Made  by  heating  gallic  acid 
with  an  excess  of  aniline  for  an  hour  to  1 50°.  The  pure  compound  fuses 
at  about  205°,  and  is  difficultly  soluble  in  cold  water,  more  readily  soluble 
in  hot  water,  soluble  in  alcohol  and  ether.  Has  been  used  instead  of 
pyrogallol  in  skin  diseases  for  external  application. 

Toluidines,  C6H4(CH3)NH.^. — The  three  toluidines  are  formed  by  the 
reduction  of  the  three  nitro-toluenes.  Para-toluidine,  which  is  solid, 
and  ortho-toluidine,  which  is  liquid,  are  both  present  in  coal-tar.  In 
manufacturing  commercial  aniline  by  the  reduction  of  commercial  nitro- 
benzene, there  is  always  formed  a  mixture  of  the  two  toluidines  with 
aniline,  as  the  original  benzene  is  contaminated  with  toluene. 

XylJdines,  C.jH^CCH^j^XH^. — The  six  possible  isomeric  xylidines  are 
all  known.  The  technical  xylidine  contains  several  isomers,  and  is  largely 
used  for  the  manufacture  of  azo  dye-stuffs. 

Benzyiamine ,  C,;H_.,CH2.XH.^,  is  isomeric  with  the  toluidines.  A  color- 
less, basic  liquid,  boiling  undecomposed.  Formed  most  readily  by  heat- 
ing benzyl  chloride,  QjH^.CH.^Cl,  with  acetamide,  XH2(C2H30),  when  the 
acetyl  derivative  is  formed,  from  which  the  base  may  be  obtained. 

2.  Secondary  Monamines.— We  have,  as  the  first  representative  of 
this  class: 

Diphcnylamme,  (C^^lir)^'^^^  which  is  obtained  technically  by  heating 
aniline  hydrochloride" with  aniline  under  pressure: 

C6H6NH2.HCI      f      CeHs.NHa     -       CeHo.NH— CeHs      r      NH4CI. 

It  forms  white  scales,  with  an  agreeable  odor  of  flowers,  and  a  burning 
aromatic  taste;  hardly  soluble  in  water,  easily  soluble  in  alcohol,  ether, 
and  petroleum  naphtha.  A  solution  of  diphenylamine  in  conceniiS^ 
sulphuric  acid  is  colored  intensely  blue  by  traces  of  nitric  or  nitrous 
acids,  and  hence  is  used  for  this  purpose  in  water  analysis. 


AROMATIC  COMPOUNDS  WITH  ONE  NUCLEUS.         6ii 

The  hexanitro  derivative  of  diphenylamioe,  C|^H,(NQA^N,  acts  as  a 
weak  acid.  Its  ammonia  salt  is  a  yellow  dye-stui^ "  kn6WR|is  "  aurantia.'* 
Methyl-aniline  and  acetanilid  and  related  compounds  already  consTaered 
may  also  be  ranked  as  secondary  monamines. 

3.  Tertiary  Monamines. — ^The  only  compound  to  mention  here  is: 
Triphenylamine,  '^{C^li^^. — It  forms  large  leaflets,  melting  at  127**. 

4.  Diamines  and  Triamines. — The  diamines  may  be  formed  by  sev- 
eral reactions,  the  simplest  of  which  is  the  reduction  of  the  dinitro  com- 
pounds. The  three  isomeric  compounds '  may  be  distinguished  from 
each  other  by  characteristic  reactions;  thus,  the  meta  diamines  with 
nitrous  acid  give  rise  to  a  class  of  yellowish-brown  azo  dye-stuffs : 

2C6H4(NHa)9        j        HNOa  CiaHiaNs        I         aHaO; 

Metaphenyiene-diamines.  Bismarck  Brown. 

and  the  paradi amines  when  reduced  with  H^S  and  then  oxidized  yield 
violet  or  blue  sulphur-containing  dye-stuffs  of  the  methylene-blue  class. 

Aletaphenylene-diamtne,  C^H^  ^l  NH^  )  V  ^^'^'^^   crystals    melting   at 

63**  and  boiling  at  276*'-277°;  difficultly  soluble  in  water,  easily  in 
alcohol  and  ether.  As  traces  of  nitrous  acid  produce  the  reaction  given 
above  with  the  formation  of  a  yellow  dye,  it  constitutes  a  very  delicate 
test  for  nitrous  acid. 

^^^araphenylene'diamine,  CjjH^  %  ^^^  \  x,  forms  tablets  fusing  at  140° 

and  boiling  at  267**.  When  oxidized  with  ferric  chloride  or  manganese 
oxide  and  sulphuric  acid,  quinone,  C^-H^O^,  is  formed. 

Triamido-benzene,  C^H3(NH._,).j,  and  Tetramido-henzene,  CgHgCNHj)^, 
are  representatives  of  triamines  and  tetramines  respectively. 

More  special  mention  of  the  important  dye-colors  which  are  derived 
from  the  amines  will  be  found  under  triphenyl-methane  in  a  later  sec- 
tion, i  i  '  ii      • 

VI.    DiAZO  AND  Azo  Compounds.     Hydrazines.     ^^         ^fT^ 

Both  the  diazo  and  the  azo  compounds  contain  the  dyad  group — N 
^^N^ — .  In  the  diazo  compounds  this  group  links  together  a  hydrocar- 
bon radical  and  an  acid,  in  the  azo  compounds  it  links  together  two 
hydrocarbon  radicals,  as  C^H^ — N=N — CI,  diazo-benzene  chloride, 
and  CgHj — N— N — CgH;^,  azo-benzene. 

I.  Diazo  Conipounds. — This  class  is  of  very  great  scientific  and  tech- 
nical interest,  and  its  study  has  led  to  the  discovery  of  the  very  numerous 
group  of  azo  dye-colors,  compounds  formed  by  the  reaction  of  the  diazo 
bodies  with  the  phenols  and  the  amines. 

To  understand  these  diazo  bodies  let  us  compare  the  action  of  nitrous 
acid  upon  the  primary  amines  of  the  methane  series  and  the  benzene 
series  respectively.  The  former  are  converted  into  alcohols  without  the 
formation  of  intermediate  products,  according  to  the  reaction  : 

CaH5.NHa     -f     NOOH     -     CaHc.OH     H^     N^    A      ^^O, 
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The  latter  can  undergo  an  analogous  change,  but  there  result  in  their 
case  well-characterized  intermediate  products,  these  so-called  diazo  com- 
pounds.    Thus:  ^V  ^>\ 


NOa       ^     C6Hfl.N=N.N08     -i      aHtO, 

Diazo-benzene  Nitrate. 


CeH5.N:Ha.H 
NOaH 


This  reaction  is  carried  out  in  the  cold,  in  fact  in  a  carefully-cooled 
solution.  If  the  solution  is  warmed,  the  reaction  goes  on  to  the  end 
result  indicated  with  the  other  class  of  amines  and  a  phenol  is  formed: 

CeHo.N     N.NO3  H.OH  CeHs.OH      r      N2      •      HNOs. 

Just  as  the  salts  of  the  primary  monamines  when  treated  with  nitrous 
acid  yield  the  diazo  compounds,  so  when  primary  diamines  are  treated 
with  nitrous  acid  we  obtain  tetrazo  compounds,  also  of  great  value  as  dye- 
stuffs,  particularly  for  cotton  dyeing. 

Besides  the  reaction  whereby  on  heating  in  solution  the  diazo  com- 
pounds decompose  with  the  formation  of  a  phenol,  we  have  a  second 
equally  important  one.  When  their  salts  are  heated  with  alcohol  they 
are  changed  into  the  corresponding  hydrocarbons  with  liberation  of 
nitrogen  : 

CeHs.X     N.Cl      :      CaHsOH  CeHe  Na      -      HCl  CaHiO. 

By  means  of  these  two  reactions  it  is  possible  to  change  from  an  amido 
compound  into  either  a  phenol  or  back  to  the  original  hydrocarbon. 
Hence  their  great  importance  in  the  synthetic  work  of  organic  chemistr\'. 
The  salts  of  the  diazo  compounds  are  mostly  colorless  crystalline  bodies, 
which  are  explosive  in  dry  condition  and  decompose  on  strong  heating 
of  their  aqueous  solutions. 

Diazo-benzene  Chloride,  C,.H,.N---N.C1. — Stable  only  in  solution. 
^tazo-T>efizene   ISJitrate,   C^jH^N^^^N-NO.,. — Colorless,  needles,  very  ex- 
plosive. 

Diazo-benzene  Sulphate,  C,jH.,N— N.HSO^. — Prisms  which  explode  at 
160°. 

The  free  diazo-benzene,  C,;H.N  — N — (OH),  is  a  heavy  oil  of  yellow 
color  and  aromatic  odor,  which  decomposes  easily  with  liberation  of 
nitrogen. 

2.  Azo  Compounds. — While  the  reduction  of  nitro  compounds  in  acid 
solution  leads  to  the  aromatic  amines,  the  use  of  alkaline  reducing  agents, 
such  as  sodium  amalgam,  zinc-dust  and  caustic  soda,  and  potash  and 
alcohol,  gives  rise  to  intermediate  products.  The  connection  of  these 
with  the  starting-point  nitro-benzene  and  the  end  product  aniline  is 
shown  in  the  following  formulas: 

CeHo— N\  CeHs— N  CeHs— NH 

CeH6.N0a.                       I    )0,  |i ,                      I     ,         CoHo.NHa. 

CeHo— N  CeHe— N  CeHe— NH 

Azoxy-btnwtvc.  Azo-benzcnc.  Hydrazo-benzene. 
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These  three  intermediate  classes  are  usually  grouped  together  under 
the  general  name  of  azo  compounds. 

JFrom  azo-benzene,  C^H^ — N=N — C^Hj,  may  be  obtained  two  im- 
pdrtaiil  (illi^flU  ul  colored  derivatives,  which  are  of  great  value  under  the 
name  of  azo  dye-colors.  By  the  introduction  of  the  amido  group  in  the 
place  of  a  hydrogen  atom  we  obtain  the  amido-azo  compounds  like  CgH^.- 
,N=N.CyH4NHa,  amido-azo-benzene ;  by  the  introduction  of  the  hydro- 
xyl  group  in  trie  ptacfe  of  a  hydrogen  atom  we  obtain  oxyazo  compounds 
like  CgH...N^=^N — C^^H^(OH),  oxyazo-benzene.  These  are  formed  re- 
spectively,  by  the  action  of  an  amine  upon  the  diazo  compounds  and 
the  action  of  a  phenol  upon  the  same. 

Most  of  these  azo  dyes  are  insoluble  in  water,  but  all  can  be  converted 
by  the  action  of  strong  sulphuric  acid  into  the  corresponding  sulphonic 
acids,  and  both  these  and  their  alkaline  salts  are  soluble  in  water. 

The  dyes  which  are  derivatives  of  amidoazo-benzene  are  termed 
**Chrysoidines,*'  and  those  which  are  derivatives  of  oxyazo-benzene  are 
termed  *'Tropae6lines/ ' 

Hydrazines.— The  aromatic  hydrazines,  like  those  in  the  methane 
series/afy  deffvativ^s  of  hydrazine,  NH., — NH^,  formed  by  the  replace- 
ment of  the  hydrogen  atoms  by  alcohol  radicals. 
/       Phenyl'hydrazine^^Hf^. N H — N H^ .  the  most  important  of  the  class  of 
hydrazines,  is  prepare'd  by  the  reduction  of  diazo-benzene  chloride: 

C6H6.N=N.C1     -     H4     -     C6H5.NH--NH2.HCI. 

The  base  itself  fuses  at  18°  to  a  colorless  oil,  insoluble  in  water,  soluble 
in  alcohol  and  ether,  which  distils  undecomposed  at  233°.     Forms  crystal- 

-.-^igablft  tiflltg^.  Phr^yl-hyHrnzinf*  is  a  powerful  reducing  agent,  reducing 
Fehluig's  solution  even  in  the  cold.  Its  reaction  with  ace  to-acetic  ether 
to  form  phenyljii£thyl-pyrazolonj_as_the  most  important  .^tep  in  the 
matrctfaCtureof  * '  antipy  rin ,  * '  TiaTalfeadV  been  mentioned  (see  Antipyrin, 

— p. "590).  Its  most  general  use,  however,  is  as  a  reagent,  as  it  combines 
with  aldehydes  and  ketones,  and  hence  with  the  sugars,  to  form  crystal- 
line compounds  known  as  hydrazones  and  osazones.  Phenyl-hydrazine 
itself  is  poisonous. 

VII.     Phenols  and  their  Derivatives  and  Quinones. 

The  hydroxyl  derivatives  of  the  methane  series  of  hydrocarbons  were  all 
called  alcohols,  although  the  distinction  was  made  of  primary,  secondary, 
and  tertiary  alcohols.  In  the  case  of  benzene  and  its  homologues,  we 
must  distinguish  between  the  case  where  the  OH  group  replaces  a  hydro- 
gen atom  of  the  nucleus  and  where  it  replaces  a  hydrogen  atom  of  the 
side-group.  In  the  former  case  the  compounds  are  called  phenols,  and 
in  the  latter  aromatic  alcohols.  As  the  latter  contain  the  group  — CHj.- 
OH  characteristic  of  primary  alcohols  (see  p.  509),  they  can  be  oxidized 
to  aldehydes  and  acids,  while  the  former,  which  are  more  likely  tertiary 
alcohols,  cannot  be  oxidized  without  entire  decomposition  of  the  mole- 
cule. 
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According  to  the  number  of  the  OH  groups  introduced  in  place  of  hydro- 
gen of  the  nucleus,  we  have  monatomic,  diatomic,  triatomic,  etc.,  phenols. 

TABULAR   VIEW   OF   THE   MORE   IMPORTANT   PHENOLS. 


I ' 


Monatomic. 


CeHs.OH,    Phenol,  m.  p. 
42^  b.  p.  I8I^ 


Diatomic. 


CeH4(OH)a,  Dioxy-benzenes : 
o-  —  Pyrocatechin,  104®- 
245°;  nt-  -  -Resorcin,  118®- 
"280®;  p-  --  Hydroquinone, 
169^ 


CeH4(CH3).OH,  Cresols, 
o-3I°-I88^  wf-3°-2oi°, 
/)-36<>-i98*>. 


CeH3(CH8)aOH,  Xylenols 


CeH2(CHs)sOH,    Pseudo- 
cumenols. 


CeHsCCHa) . (OH)a,     D  i  o  x  y- 
tolucnes  :   1:3  :  5  ~  Orcin, 


io7°-288* 


•  3 


4    — 


Homopy  rocatechin . 


CeH2(CH3)a(OH)2,    Xylorcin. 


Triatomic. 


CeHs(OHs).  Trioxyben- 
zenes:  v-  =  Pyrogallol, 
if5**-2io®;  a-  =  Oxy- 
hydroquinone,  140.5®; 
S'      Phloroglucin,  2 1 7®. 


C6Ha(CH3)(0H)s. 
Methy  1-pyrogallol . 


C6H(CH3)3.(OH)a.  Mesorcin. 


CeH(CH3)4.0H,  Durenols, 
Isomeric   with  these  are 

C6H3(CH3)(C3H7).OH. 

Thymol,  Carvacrol. 


Ce(CH3)60H,  Penta- 
methyl- phenol. 


Tetratomic  Phenols. 


CeHa(0H)4. 

Tetraoxy  benzene. 


Hexatomic  Phenols. 


Ce(OH)e. 

Hexaoxvbenzene. 


The  phenols  in  chemical  character  stand  between  the  true  alcohols 
and  the  organic  acids.  They  combine  to  form  mixed  ethers,  like  anisol, 
C^H.^.GCH.^  or  esters,  like  phenyl-sulphuric  acid,  C,;H,, — OSO.,H.  At  the 
same  time  they  have  the  character  of  weak  acids,  and  fonn  salts  with 
the  metals,  like  C^,H,,.ONa,  sodium  phenol.  The  acid  character  is  notably 
increased  bv  the  entrance  of  NOg  groups,  as  in  trinitro-phenol  (picric 
acid),  C,H.(\02),.0H. 

Phenols  are  formed  by  the  dry  distillation  of  many  organic  substances. 
Thus,  phenol  and  cresol  and  their  homologues  are  found  in  coal-tar  and 
in  various  wood-tars.  They  are  also  formed  artificially  by  numerous  re- 
actions, among  which  may  be  mentioned: 

1.  By  the  fusion  of  the  sulpho  acids  of  the  aromatic  hvdrocarbons 
with  caustic  potash,  C.H.HSO,    I    2KOH        C,H,.OH  +  K,'S03    i    HjO. 

2.  By  the  action  of  nitrous  acid  upon  the  amido  compounds  and  boil- 
ing the  diazo  compounds  which  first  form  with  water.  The  two  reactions 
are: 

(a)  CelisNHaHCl      r     HNO2     -      CeHsN-N— CI      f     2HaO. 
(6)  CeHs.N  -N.Cl     -f     H2O       -     CeHs.OH      \      Na     -\-     HCl. 


•■^J^ 


f 


i 


II 
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3.  By  the  dry  distillation  of  the  aromatic  phenol-acids  (oxy acids) 
either  with  or  without  lime: 

C6Ha(OH)8.COOH     ---     C6H8(0H)8     +     COa. 

Gallic  Acid.  Pyrogallol.  ** 

Among  the  most  characteristic  reactions  of  the  phenols  may  be  men-        4. 
tioned: 

1 .  The  formation  of  the  several  classes  of  derivatives  already  referred 
to,  in  which  the  H  of  the  hydroxyl  is  replaced, — viz.,  phenolates,  phenol- 
ethers,  and  phenol-esters.  ^ 

2.  The  formation  of  substitution  compounds  in  which  hydrogen  of 
the  nucleus  is  replaced  by  chlorine,  bromine,  nitro,  or  sulphonic  group. 

3.  The  sodium  and  potassium  phenolates  unite  with  COj,  when  heated      ^ 
under  pressiu"e,  to  form  salts  of  oxy  acids:  y^       ^      iA% 

CeHsONa     +     COa     -     C6H4(OH)COONa.      ^^\^<J^'^^ 
Sodium  Phenol.  Sodium  Salicylatt:.  v^^^V     *'*^^ 

4.  Many  phenols  give  characteristic  colors  when  ferric  chloride  is  added 
to  their  neutral  solutions.  Thus,  with  ferric  chloride  phenol  and 
resorcin  give  a  violet  color,  pyrocatechin  a  green  color,  orcin  a  blue- 
violet,  and  pyrogallol  a  red  color. 

I.  Monatomic  Phenols. — From  benzene  but  one  monatomic  phenol 
is  derived. 

V/    Phettol,  CgHj.OH  (Phenol,  U.S. P.),  was  discovered  in   1834  in  coal-     ^'^ 
tar.     It  is  found  in  the  luine  of  herbivora  and  of  man  (as  phenyl-sul-      ^ 
phuric  acid),  in  castoreum,  in  bone  oil,  and  in  coal-  and  wood  tar.     It     t/ 
forms  colorless,  crystalline  needles,  fusing  at  42**,  and  boiling  at  181°.     A       \\ 
small  percentage  of  water  liquefies  the  crystals  and  keeps  it  in  liquid  con-    ^ 
dition  (Phenol   Liquefactum,   U.S. P.).     It  is  soluble  in   12  parts  of     ^ 
water  at  ordinary  temperatures,  easily  soluble  in  hot  water,  in  alcohol,     *^ 
ether,  glycerin,  fixed  oils,  potash,  and  ammonia;  has  a  strong  and  charac-     <J 
teristic  odor,  burning  taste,  and  caustic  action  on  the  skin.     It  is  a  strong   s_.^ 
antiseptic,  even  in  the  impure  state,  when  it  contains  considerable  cresols     ^ 
and  higher  phenols.     Ferric  chloride  colors  it  even  in  dilute  solution    Jl% 
violet.     Bromine  water  causes  a  white  precipitate  of  tribrom-phenol.     vt 
It  unites  with  the  alkalies  and  other  bases  to  form  the  so-called  "car-   ^ 
bolates,"  as  CgH^.GNa.  ;^ 

Both  chlorine  and  bromine  readily  form  substitution  compounds  with  .^ 
phenol,  such  as  Trichlor-phefiol,  CgHgCl^.GH,  and  Tribrom-phenol,  C^Hj-  "^  "^ 
Br^.GH.  Both  of  these  are  distinguished  by  their  antiseptic  and  healing 
power,  and  have  been  recommended  in  medicine.  The  former  is  a  gas 
of  sharp,  penetrating  odor,  and  the  latter  is  a  white,  crystalline  solid^ 
melting  at  95°.  The  bismuth  compound  of  tribrom-phenol  is  also  used 
as  an  antiseptic  dressing  under  the  name  of  "xeroform." 

Nitro  Phenols, — Mono-  and  dinitro-phenols  are  known,  but  the  only 
important  compound  to  note  is  trinitro-phenol  (or  picric  acid).  This  is 
formed  by  the  action  of  fuming  nitric  acid  upon  many  organic  substances 
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J  such  as  indigo,  silk,  leather,  wool,  etc.     It  is  ofainarily  prepared  by  the 

nitration  of  phenol  in  the  presence  of  strong  sulphuric  acid.  It  crystal- 
lizes out  of  water  or  alcohol  in  pale-yellow  scales,  and  out  of  ether  in 
prismatic  needles,  which  have  a  bitter  taste.  It  melts  at  122.5**,  and 
j:an  be  sublimed  without  decomposition,  but  on  rapid  heating  it  is  instant- 
,^>^y  decomposed  with  slight  explosion.  It  is  an  important  yellow  dye. 
Its  salts  are  beautifully  crystallized,  but  very  explosive  when  heated  or 
struck.  The  potassium  and  ammonium  salts  are  used  in  various  ex- 
plosive mixtures.  Picric  acid  also  forms  well-crystallized  addition  com- 
pounds with  many  of  the  higher  hydrocarbons,  as  naphthalene  and 
anthracene. 

Amido  Phenols  are  formed  by  the  reduction  of  the  corresponding 
nitro  phenols.  From  para-amido-phenol,  CgH^(0H)NH2,  several  im- 
portant derivatives  are  obtained.  The  ethyl  ethers  of  the  amido-phenols 
are  called  "phenetidins."     From  the  para-amido-phenol  just  mentioned 

(  OC  H  / 

we  obtain  then  para-  phenetidin,  C^H^  -j  ^^    ^     When  .this  is  treated   \ 

with  glacial  acetic  acid  the  acetyl  group  is  introduced,  and  we  obtain  x 

■ncetpara-pheneiidin,  (Acetphenetidinum,  U.S.P.),  C^H^  \    NHrCHOVN^ 

which  has  been  brought  into  medical  use  under  the  name  of  "phenace-    - 
tin.*'    It  forms  white,  lustrous  crystals,  without  odor  and  almost  with- 
out taste,  melting  at  135^.     It  is  difficultly  soluble  in  cold  water,  more 
readily  soluble  in  alcohol.     Phenacetin  is  one  of  the  best  known  of  the 
newer  antipyretics  and  antineuralgics. 

Related  to  acetphenetidin  are  "phenocoU,"  which  is  glycocoll-phene- 

tidin,  ^6^1"]  TsjH  rnpH  NH  '   ^^^    commercial    preparation    being   the 

(  OCH 

hydrochloride,  "methacetin  "  or  para-acetanisidin,  CgH^  •]  xjtt  p  tr  n»  ^^^ 

(  OC  H 

phenetol  carbamide  C,jH^  ■]  ^^  Pq  xttt  ,  known  as  "dulcin,'*  and  used 

like  saccharin  as  a  sugar  substitute. 

Phenol-sulphonic  Acids  are  formed  by  the  action  of  concentrated  sul- 
phuric acid  upon  phenol  at  low  temperatures.  The  ortho-phenol-sul- 
phonic  acid  is  used  in  33  J^  per  cent,  solution  as  an  antiseptic,  under  the 
name  o^  "aseptol"  or  "  sozolic  acid."  On  keeping,  it  gradually  changes 
into  the  isomeric  para-phenor-"stilphonic  acid,  which  change  is  also  readily 
effected  by  heating  its  solutions.  The  para  acid  yields  well-crystallized 
salts,   two  of  which   are   well  known   in  medicine.     The  soditmi  salt, 

^  CgHj  I  ^Q  yr  +  2H2O  (Sodii  Phenolsulphonas,  U.S. P.),  forms  color- 
less, rhombic  prisms,  odorless,  and  with  a  cooling,  saline  and  slightly 
bitter  taste.  The  zinc  salt,  ZnCC^H.SOJg  +  8H2O,  (Zinci  Phenol- 
sulphonas, U.S. P.),  forms  colorless,  tabular  efflorescent  crystals.  By  the 
action  of  a  mixture  of  potassium  iodide  and  iodate  upon  the  para- 
phenol-sulphonic  acid  is  obtained  the  potassium  salt  of  di-iodo-para- 
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phenol-sulphonic  acid,  which,   along  with  other  salts  of  the  same  acid, 

has    been   introduced    into    medicine    under    the  name  of  **soziodor' 

compounds.    They  are  used  as  antiseptics  and  substitutes  for  iodoform 

for  external  use. 

//^    Anisol  (phenyl-methyl  ether),  CgHj.GCH,,  and  Phenetol  (phenyl-ethyl 

ether),  CgH^.OCgH^,  are  obtained  by  heating  phenol  and  caustic  potash 

with   either  methyl   or  ethyl   iodide   in   alcoholic  solution.     They  are 

liquids  of  ethereal   odor,  the  former  boiling  at  152°,  and  the  latter  at 

172^. 

\UCr«c?/5,    CgH^(CH3)0H   (Cresol,   U.S.P.),   are   the   first   homologue^ 

Vof  phenol.     All  three  of  these  compounds  are  present  in  coal-tar,  and  are 

also  contained  in  the  tar  from  pine  and  beech  wood.     Crude  carbolic  add 

always  contains  a  mixture  of  these,  known  technically  as  "  cresylic  acids." 

The  official  cresol   is  **a  mixture  of  the  three  isomeric  cresols  obtained 

from  coal-tar,  freed  from  phenol,  hydrocarbons  and  water."  The  addition 

of  soaps  increases  the  solubility  of  the  cresols,  hence  the  use  of  mixtures 

like  Liquor  cresolis  compositus,  U.S. P.,  and  such  preparations  as  lysoL 

^^jrreolin,  cresolin,  etc.,  which  are  of  this  kind.  Ortho-cresol  is  found  in  the 

form  of  ilTstdphuric  ester  in  the  urine  of  horses;  para-cresol  is  produced 

by  the  decay  of  albiunin  (tyrosin),  and  is  found  in  human  urine.      Its 

dinitro  compoimd  is  a  golden  yellow  dye,  which  is    used    as   ammo- 

nitun  or  potassium  salt,  under  the  name  of  "  Victoria  orange."     Meta- 

cresol  is  said  to  be  the  most  powerful   antiseptic,  exceeding  phenol 

in  power,  but  is  much  more  poisonous.     A  derivative  of  this  latter  is  the  ^ 

tri-iodo-meta-cresol,  CgHl3(CH3)OH,  introduced  into  medicine  under  the' 

name  of  **losophan."     Several  of  the  amido  phenols  and  amido  cresols 

find  application  as  photographic  developing  agents.     Para-amido-phenol 

is  known  as  **  rhodinal,"  methyl-/?-amido  cresol  as  *'  amidol,"  and  the  salts 

of  the  same  as  **metol."  ,        ,       ^  ^ 

^ .,  '        34 

n/nX    Thymol,  U.S.P^^s  para-propyl-meta-cresol,  CfH3.CH3.OH.C3H7.     It     v 
\^  a  phenol  found  natiirally  occurring  "nTarntrfiiber  of  essential  oils.     It    \' 
forms  large,  colorless,  translucent  crystals  with  an  aromatic,    thyme-    /;;• 
like  odor  and  pungent,  aromatic  taste.     It  melts  at  50^-5 1°,  and  boils  v 
at  228*'-23o°.     When  triturated  with  equal  quantities  of  camphor,  men-     v. 
thol,  or  chloral  hydrate,  it  liquefies.     It  is  difficultly  soluble  in  water,    C 
readily  soluble  in  alcohol,  ether,  or  chloroform.     A  derivative  of  thymol  ^  { 
r  [is  dithymol  di-iodide,   C^K^fi^h    (Thymolis   lodidum,  U.S.P.),  which 
'^  has  "been  introduced  into  medicine  under  the  name^of ''aristol. "     It  is 
a  light,  chocolate-colored  powder,  almost  without  odor  or  tasfe,  and  is 
lISgS'as'aTubs^utErfor  iodoform. 

Isomeric  with  thymol  is  carvacrol,  which  is  para-propyl-ortho-cresol, 

CgH3.CH3.OH.C3H7.     It  is  present  in  oil  of  Origanum  hirium,  and  may 
be  prepared  by  heating  camphor  with  iodine. 

Xylenols,   CgH3(CH3)20H. — Of  the  six  possible  isomers,  w-xylenol  is 
found  in  the  creosote  of  beech-wood  tar. 

[iatoxnic  Phenols. — These  compoimds  containing  two  hydroxyl 


jfgrou 


groiu^"  are  formed  by  methods  analogous  to  those  given  for  the  motia- 
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tomic  phenols,  especially  by  the  method  of  fusion  of  the  sulphonic 
acids  with  potash. 

.  Pyrocaiechin  (or  Catechol)  CgH^(0H)2,  is  the  ortho  compound.  It  was 
nrst  lormed  by  tEe^ry^distillation  of  catechin  (mimosa  catechu),  whence 
the  name.  It  is"present  m  smalt'amoturErin  human  urine,  and  is  formed 
by  the  dry  distillation  of  wood,  by  heating  cane  sugar,  cellulose,  and 
starch  with  water  to  200^-280°.  It  is  also  formed  by  the  fusion  of 
many  resins  with  potash.  It  crystallizes  in  short,  rhombic  prisms, 
which  can  be  sublimed,  and  are  readily  soluble  in  water,  alcohol,  and 
ether.  The  aqueous  solution  is  colored  green  with  ferric  chloride  and 
then  violet  by  ammonia.  It  possesses  reducing  properties,  causing  re- 
duction  of  silver  nitrate   even   in   the   cold.     Its  monomethyl-ether, 

{OH 
^prj  ,  is  gMma£2/j[Giiaiacol,  U.S. P.),  and   its   dimethyl-ether, 

{OCH 
OCH^'  is  veratrol.     The  first  of  these  forms  the  main  constituent 

,**-^rf"^telB©gSTPWooacreosote  (Creosotuni,  U.S.P.),  making  up  from  60- 
90  per  cent,  of  the  same.  The  guaiacol  is  now  obtained  pure  from  the 
creosote  as  well  as  made  synthetically  from  either  catechol  by  methylat- 
ing,  or  from  ortho-anisidin  by  diazotizing  and  boiling,  and  introduced 
into  medicine  in  various  preparations  as  a  remedy  in  phthisis.  It  forms 
a  colorless,  somewhat  refractive  liquid,  of  strong  aromatic,  not  un- 
pleasant odor,  boils  at  205°,  and  has  a  sp.  gr.  1.140.  It  is  difficultly 
soluble  in  water,  easily  soluble  in  alcohol  and  ether. 

"^---^Jts  carbonate J^CyHy_0)^C03  (Guaiacolis  Carbonas,  (U.S.?.),  is  ob- 
taine3"T3y  the  action  of  carbonyl  chloride,  upon  sodium  guaiacolate,  and 
is  also  used  in  niedicine.  Among  other  guaiacol  preparations  are  guaiacol 
valerate,  introduced  into  medicine  under  the  name  of  "geosote,"  and 
guaiacol  sulphonate  0}  potassium,  under  the  name  of  "thiocol." 
y-     Rcsorcin  (or  Resorcinol),  C^H,(OH)^^j^is  the  meta  compound  and  is 

/^— ollicial  (ResorcinpU  U,S^)r  It  is  obtained  on  fusing  various  resins 
(galbanum,  asafoetida,  ammoniac,  etc.)  with  potash.  Commercially  it 
is  obtained  by  fusing  m-  and  /?-benzene-disulphonic  acids  with  potash. 
It  forms  colorless  or  faintly  reddish  needles,  with  a  faint,  peculiar  odor, 
and  a  disagreeable,  sweetish  and  pungent  taste.  It  melts  at  119°  and 
volatilizes  at  a  higher  heat.  It  is  soluble  in  water,  alcohol,  and  ether, 
and  reduces  an  aqueous  solution  of  silver  nitrate  when  warmed  and  an 
alkaline  solution  in  the  cold.  It  gives  a  dark-violet  color  with  ferric 
chloride  solution.  Nitrous  acid  converts  it  into  a  nitroso  derivative, 
CgH^Oo(NO)^,  the  iron  salt  of  which  is  used  in  cotton-dyeing  under  the 
name  of  "vSolid  green."  Fused  with  phthalic  anhydride  it  yields  fluo- 
rescein (sec  phthalcin  dyes),  which  dissolves  in  caustic  soda  with  a 
green  fluorescence.  Rcsorcin  is  used  in  medicine  as  an  antiseptic  and 
on    a    large    scale  in  the    manufacture   of  fluorescein  and    eosin   dye- 

.       colors. 

.  Hydroquinone  (or  Quinol)  Cj;H,(0H)2,  is  the  para-dioxy-benzene.     It 
is  prepared  by  the  dry  distillation  of  quinic  acid,  or  its"  oxidation  by 
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means  of  lead  dioxide,  by  the  reduction  of  quinone,  CgH^O^,  and  by  the 
decomposition  of  the  glucoside  arbutin.  Commercially,  it  is  made  by 
oxidizing  aniline  with  chromic  acid  mixture.  It  forms  small  monoclinic 
plates,  fusing  at  169°,  readily  soluble  in  hot  water,  alcohol,  and  ether.  It 
reduces  silver  nitrate  solution  on  heating,  and  Fehling's  solution  even  in 
the  cold.  Its  alkaline  solutions  are  active  reducing  agents,  and  are  used 
in  photography  as  the  basis  of  developing  solutions.  Ferric  chloride 
produces  in  its  aqueous  solutions  first  a  blue  color,  then  a  yellow,  and  soon 
oxidizes  it  to  quinone.  It  is  used  somewhat  in  medicine  on  account  of 
its  antifermentative  and  antipyretic  characters. 

Orcinol,  CgH3(CH3)(OH)2,  is  a  dioxy-toluene.  It  is  found  in  many 
lichens  (Rocella  tinctoria,  Lecanora,  etc.).  It  is  formed  when  aloes  are 
fused  with  caustic  potash,  and  can  be  made  synthetically  from  toluene, 
by  fusing  m-dibrom-toluene  with  potash  at  280°.  It  crystallizes  in  color- 
less prisms,  which  turn  red.  The  ammoniacal  solution  absorbs  oxygen 
from  the  air,  and  yields  orcein,  C^H^NOg,  the  chief  constituent  of  com- 
mercial archil  dye.  Related  to  this  latter  coloring  matter  is-also  litmus, 
the  well-known  blue  vegetable  color. 

HomO'pyrocatechol,  C^^,^{CY{^{OY{).^y  is  an  isomeric  dioxytoluene.     Its 

{OH 
^pVr  one  of  the  chief  constituents, 
^*  . 

along  with  guaiacol,  of  the  creosote  of  beech-wood  tar.  a;,v  v. 

^  EugenolX^^^{OB){OCY{^)C^\{^,  4:3:1  (Eugenol,  U.S.R),  the  chief 
♦^constituent  of  oil  of  cloves,  is  the  methyl-ether  of  allyl-dioxybenzene,  an 
unsaturated  phenol,  CgH3(OH).^(CH2.CH=-CH.J. 

^  Safrol,  found  in  oils  of  sassafras  and  camphor;  is  the  methylene-ether 
-^fThe  s^ne  allyl-dioxy-benzene. 

3.  Triatomic  Phenols. — Of  the  three  isomeric  trioxy-benzenes,  the 
most  important  is  Pyrogallol,  C^H3(OH)3,  1:2:  3',  (Pyrogallol,  U.S. P.). 
It  is  obtained  generally  by  the  drv  distillation  of  gallic  acid  :  C^- 
H2(OH)3COOH  =  C,H3(bH)3  +  CO^!  It  forms  light,  white,  shining 
laminae,  odorless,  and  with  a  bitter  taste.  It  becomes  darker  on  exposure 
to  air  and  light.  It  is  soluble  in  water,  alcohol,  and  ether.  Its  solutions, 
especially  when  alkaline,  absorb  oxygen  from  the  air  and  turn  brown  in 
color.  Because  of  this  reaction  it  is  used  in  gas  analysis  to  absorb  free 
oxygen  ifonTgaseous'mrxtures.  This  reducing  powGf  is  also  recognized 
with  silver,  gold,  and  mercury  solutions.  It  is  largely  used  in  photo- 
graphy as  a  developer  because  of  this  power  of  reduction  of  silver  salts, 
Pyrogallol  also  combines  with  phthalic  anhydride  to  fbmithe  dye-color 
"gaUein." 
/,  Phloroglucinol ,  CgH3(OH)3,  an  isomeric  trioxy-benzene,  is  produced  in 
^"^^the  decomposition  of  phloretin,  a  glucoside,  and  by  the  fusion  of  a  num- 
^  ber  of  resins  (such  as  gamboge,  dragon's  blood,  catechu,  and  kino)  with 
caustic  potash.  It  is  also  obtained  synthetically  by  the  fusion  of  benzene- 
trisulphonic  acid  with  potash.  It  forms  large  prisms,  which  sublime 
without  decomposition,  melting  at  218°.  With  ferric  chloride  it  gives 
a  dark-violet  coloration.    Phloroglucinol  colors  a  pine  shaving  moistened 


(il 
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with  hydrochloric  acid,  red,  and  is  used  for  the  detection  of  lignin  or 
wooS^^B^t^lTTpaperTetc. 

OxyWySfoquifidne,  ^  CgH3(OH)3,  the  third  isomeric  trioxy-benzene, 
results  from  the  fusion  of  hydroquinone  with  potash. 

4.  Tetratomic  Phenols. — A  tetroxy-benzene,  C^HjCOH)^,  has  been 
prepared  from  succino-succinic  ether.  It  crystalUzes  in  yellow  needles, 
and  is  stable  when  pure. 

5.  Pentatomic  Phenols. — ^As  hexahydro  derivatives  of  a  pentatomic 
phenol,  CgH(0H)5,  we  must  include  several  compounds  which  at  one 
time  were  considered  to  be  pentatomic  alcohols,  or  to  belong  to  the 
carbohydrates. 

Quercitol,  CgH(OH)^.Hg. — A  sweet-tasting  crystalline  principle  extract- 
ed from  the  oak.     It  forms  colorless  monoclinic  crystals,  melting  at 

235°. 
Pinitol,  CgH(0H)5.Hg,  is  found  in  the  exudation  of  the  California  pine 

(Ptnus  lambertiana) ,     It  forms  colorless  crystals,  easily  soluble  in  water, 

and  fusing  at  over  150**. 

Inosite  (Phaseomannite) ,  CgHjjOg  +  aH^O,  is  found  in  small  amount 
in  the  muscular  tissue,  in  the  heart,  lungs,  liver,  spleen,  kidneys,  and 
brain;  the  urine  also  contains  inosite  after  abimdant  water  drinking. 

It  is  also  contained  in  plants,  as  green  beans,  peas,  lentils,  and  grape 
juice.  It  crystallizes  in  rhombic  plates,  which  crumble  in  the  air.  Sol- 
uble in  water,  insoluble  in  alcohol.  Melts  at  210°.  It  has  no  reducing 
power,  nor  is  it  fermentable. 

6.  Hexatomic  Phenols. — We  have  a  derivative  of  the  normal  hexoxy- 
benzene,  C^(OH)j.,  in  the  so-called  potassium  carbon  monoxide,  formed 
in  the  distillation  of  metallic  potassium,  which  has  the  formula  Cp^(OK)^. 
The  phenol  itself  has  also  been  prepared  synthetically .  It  forms  small, 
grayish-white  needles,  which  acquire  a  reddish  color  on  exposure  to  the 
air.     They  are  not  fusible,  but  decompose  at  about  200°. 

Phenose  is  a  hexatomic  phenol  of  hexahydro-benzene,  and  has  the 

formula  C,jHj;(OH)y.      It  has  been  obtained  bv  the  action  of  soda  solution 

r  CI 
upon  the  hypochlorous  acid  addition  product  of  benzene,  CgHg  \  /pvTTx  . 

It  is  an  amorphous,  readily  soluble,  and  deliquescent  substance.  It  is 
much  like  the  glucoses,  has  a  sweet  taste,  and  reduces  Fehling's  solution, 
but  is  not  capable  of  fermentation. 

7.  Quinones. — This  term  is  applied  to  a  class  of  benzene  derivatives 
in  which  two  hydrogen  atoms  seem  to  be  replaced  by  two  oxygen  atoms. 
Not  only  benzene,  but  especially  the  condensed  aromatic  hydrocarbons, 
naphthalene,  anthracene,  phenanthrene,  chrysene,  etc.,  when  oxidized 
by  chromic  acid  in  glacial  acetic  acid  solution  yield  quinones.  They 
are  formed  also  by  the  oxidation  of  a  number  of  derivatives  of  benzene 
in  which  the  replacing  groups  occupy  the  para  position.  Thus,  hydro- 
quinone (paradioxy-benzene),  sulphanilic  acid  (p-amido-benzene-sul- 
phonic  acid),  and  phenylene-diamine,  as  well  as  phenol  and  aniline,  all 
yield  quinone  when  oxidized  by  chromic  acid. 


AROMATIC  COMPOUNDS  WITH  ONE  NUCLEUS.         621 

The  constitution  of   quinone,  CgH^Oj,  is  expressed  by  the  formula: 
CO 

/\ 
HC      CH 


.     According  to  this  formula  quinone  would  be  a  ketone,  not 
HC      CH 

CO 

of  benzene  itself,  but  of  a  dihydro-benzene.  This  view  brings  it  into 
analogy  with  anthraquinone  and  the  other  higher  quinones  which  are 
known  to  be  diketones. 

Quinone  (Benzo-quinone).  CgH^Oj,  is  made  most  readily  by  oxidizing 
aniline  sulphate  with  chromate  of  potash  and  sulphuric  acid.  The 
quinone  so  formed  is  shaken  out  with  ether.  Yellow  prisms  melting  at 
115.7°  and  subliming.  It  has  a  chlorine-like  odor,  is  difficultly  soluble 
in  cold  water,  more  readily  soluble  in  hot  water,  as  well  as  in  alcohol 
and  ether.  It  is  easily  converted  into  hvdroquinone  bv  reducing  agents 
like  SO,  or  HI. 

By  chlorinating  quinone,  or  by  the  action  of  potassium  chlorate  and 
hydrochloric  acid  upon  phenol,  we  obtain  tetrachlor-quinone  (chloranil), 
CgCljO.j.  As  reducing  agents  convert  it  readily  into  tetrachlorhydro- 
quinone,  it  is  used  as  an  oxidizing  agent  in  the  manufacture  of  aniline 
colors,  as  with  methyl- violet.  Several  of  the  homologues  of  quinone  may 
also  be  mentioned,  as  Tolu-quinone,  CgH3(02)(CH3),  Xylo-quinone,  Cg- 

H,(02)(CH3),,  and  Thymo-quinone,  C^HjCO,)  {  ^^  . 

VIII.     Aromatic  Alcohols,  Aldehydes,  and  Ketones. 

I .  Aromatic  Alcohols. — The  aromatic  alcohols  differ,  as  before  stated, 
from  the  phenols  in  that  the  OH  has  replaced  hydrogen  in  the  side-group 
instead  of  hydrogen  in  the  nucleus.  They  may  be,  and  often  are,  isomeric 
with  phenols,  as  benzyl  alcohol,  C^Hj.CHgOH,  and  cresol,  CgH4(CH)30H. 

The  comparison  of  the  formula  of  benzyl  alcohol  with  that  of  the 
alcohols  of  the  methane  series  will  make  its  nature  clearer : 

H.CHaOH  CH3.CHaOH  CeHa.CHaOH. 

Methyl  Alcohol.  Ethyl  Alcohol.  Benzyl  Alcobo).    .  -"' 

It  is  seen  here  that  the  single  hydrogen  of  methyl  alcohol  is  replaced  by 
the  radical  methyl  in  the  second  formula,  and  by  the  radical  phenyl, 
C^Hj,  in  the  third  formula.  Benzyl  alcohol  is  therefore  sometimes  called 
phenyl-carbinol. 

Just  as  in  the  methane  series  of  alcohols  we  have  primary,  secondary, 
and  tertiary,  so  we  may  have  primary,  secondary,  and  tertiary  aromatic 
alcohols,  as 

CeH5.CHaOH Primary  alcohol. 

(C6H5)aCH.0H  and  CeH5.CHOH.CH3 Secondary  " 

(CeH5)s.C(0H) Ten\ax^      " 
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Diatomic  and  triatomic  alcohols  likewise  can  be  formed,  as  CgH^(CH,- 
OH),,  toluylene  alcohols,  and  CgHg(0H)3,  phenyl-glycerin. 

The  strongest  analogy  of  these  aromatic  alcohols  with  the  corresponding 
compounds  in  the  methane  series  is  found  in  the  similarity  in  the  effect 
of  oxidizing  agents.  The  primary  aromatic  alcohols  yield  aldehydes 
and  monobasic  acids,  and  the  secondary  yield  ketones.  Ethers,  esters, 
mercaptans,  amines,  etc.,  are  also  formed  in  strict  analogy  to  those  al- 
ready studied  under  the  methane  series.  By  the  entrance  of  the  phenyl 
group  into  unsaturated  fatty  alcohols  we  also  obtain  unsaturated  aro- 
matic alcohols  analogous  to  other  unsaturated  compounds. 

Benzyl  Alcohol,  CgHj-.CHjOH,  is  found  as  benzoic  and  cinnamic  esters 
^eru^anST^oItT  balsams,  and  is  made  from  benzyl  chloride,  C^H^CHj- 
Cl,  by  boiling  it  for  a  time  with  water,  or  by  the  action  of  potash 
solution  upon  its  aldehyde,  CgHj.COH: 

2CeH6.COH    i    KOH     -  CeHsCHaOH    i    CeHs.COOK. 
Bcnzaldehyde.  Benzyl  Alcohol.      Potassium  Benzoatc. 

Benzyl  alcohol  is  a  colorless  liquid  of  weak  aromatic  odor,  boiling  at 
206.5°.  I^  is  not  very  soluble  in  water.  When  oxidized  it  yields  first 
bcnzaldehyde,  CgH,.COH,  and  then  benzoic  acid,  CgH.,.COOH. 

Tolyl  Alcohols,  C5H^(CH3)CH20H. — All  three  isomeric  varieties  have 
been  obtained. 

Phenyl-methyl  Carhitwl,  CgH5.CHOH.CH3,  is  a  secondary  alcohol 
obtained  by  the  action  of  sodium  amalgam  upon  the  corresponding  ketone, 
CgH5.CO.CH3  (acetophenone),  and  on  careful  oxidation  reproduces  this 
compound. 

Phenyl-propyl  Alcohol  (Hydrocinnamyl  Alcohol),  C.jH-.CH^.CHo.CH.^- 
OH,  is  obtained  from  cinnamyl  alcohol  by  reduction.  It  exists  as  cinna- 
mic ester  in  storax.  Closely  related  to  this  is  the  unsaturated  aromatic 
alcohol  known  as 

Cinnamyl  Alcohol  (Styrcnc) ,  C,jH.,CH  -  CH.CH._,OH. — This  occurs  as  cin- 
namic ester  under  the  name  of  styracinein  storax  resin  (Styrax,  U.S. P.). 
It  crystallizes  in  shining  needles,  is  sparingly  soluble  in  water,  and  possesses 
a  hyacinth-like  odor.  It  melts  at  ^;^°  and  distils  at  250°.  On  careful  oxi- 
dation it  yields  cinnamic  acid;  more  energetically  oxidized  it  yields  ben- 
zoic acid. 

2.  Aromatic  Aldehydes. — These  correspond  in  all  their  general 
properties  with  the  aldehydes  of  the  methane  series.        1'     ^   _   *^  ^  >. 

Bcnzaldehyde,  CgH^.COH  (Benzaldehydum,  U.S. P.). — This  com- 
pound was  at  one  time  exclusively  obtained  by  the  decomposition  of  the 
glucosidc  aniygdalin  of  the  bitter  almond  in  the  presence  of  emulsin  and 
other  ferments,  according  to  the  reaction  C^^,H.^,NO,,  -\-  2HJD  ■  '  C^H..- 
COH  '  2C^,H,.0,;  4  HCN.  It  is  now  mostly  made  artificially  by  the 
oxidation  of  the  chlorine  derivatives  of  toluene: 

2CeH6CH2Cl      t      CeHfiCHCla  aMnOa  3CeH6.COH     -f    aMnCla    ^     H2O, 

Benzyl  Chloride.  Bcnzal  Chloride.  Benzaldehyde. 
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or  by  heating  benzal  chloride  with  milk  of  lime  under  pressure.     This 
reaction  has  already  been  noted  under  benzal  chloride  (see  p.  604). 

Benzaldehyde  is  a  colorless,  strongly-refracting  liquid  of  pleasant 
bitter-almond  odor  and  burning  aromatic  taste.  Boils  at  179°,  and  has  a 
sp.  gr.  of  1 .045  at  25°  C.  It  is  only  slightly  soluble  in  water,  but  is  easily 
soluble  in  alcohol  and  ether.  Its  behavior  shows  in  many  ways  its 
character  as  an  aldehyde.  It  is  easily  oxidized  to  the  corresponding 
acid;  it  reduces  silver  solutions  with  the  formation  of  a  metallic  mirror; 
it  may  be  reduced  to  a  primary  alcohol ;  it  forms  a  crystalline  compound 
with  sodium  bisulphite ;  it  reacts  with  hydroxylamine  and  phenyl-hydra- 
zine. A  reaction  which  is  distinct  and  quite  characteristic  of  it  as  an 
aromatic  aldehyde  is  its  power  to  unite  to  form  condensation  products. 
Thus,  we  are  able  to  effect  the  synthesis  of  cinnamic  acid  by  the  con- 
densation of  benzaldehyde  and  sodium  acetate,  CgH^.COH  +  CH3COO- 
Na  =.  CgH.CH  :  CH.COONa  +  Ufi. 

NitrO'benzaldehydes,  CgH^(NO^).COH. — Of  these  isomers  the  ortho  com- 
pound is  of  especial  interest,  as  by  its  means  artificial  indigo  has  been 
made,  the  aldehyde  condensing  with  acetone  to  form  a  compound  which 
is  decomposed  by  caustic  soda  into  indigo  and  acetic  acid. 

Cumic  Aldehyde  (Cuminol),  CgH^(C3H,).C0H. — ^This  is  an  isopropyl- 
benzaldehyde.  It  occurs  together  with  cymene,  C,„H,^,  in  Roman  cara- 
way oil  and  in  oil  of  water  hemlock  {Cicuta  virosa).  It  possesses  an 
aromatic  odor,  and  boils  at  235®.  ,  >.  t  ■_':.  -  ^  :.^t-'-'  '  ~-  7^'/^ 
•^j  Cinnamic  Aldehyde,  CeH5.CH--'CH.C0H.  (Cihnaldehydum,  U.S.P.). 
This  unsaturated  aldehyde  is  the  chief  constituent  of  the  essential  oils 
of  cinnamon  and  cassia,  and  can  be  isolated  from  them  by  means  of  its 
soditmi  bisulphite  compound.  It  may  also  be  made  synthetically  by 
saturating  a  mixture  of  benzaldehyde  and  acetaldehyde  with  hydro- 
chloric acid  gas,  when  condensation  takes  place  :  C^H^.COH  +  CH3.- 
C0H-=C,H5.CH  :  CH.COH  +  Hfl, 

It  is  a  colorless,  aromatic  oil  which  boils  at  250°  and  distils  in  a  current 
of  steam.     When  exposed  to  the  air  it  oxidizes  to  cinnamic  acid. 

3.  Aromatic  Ketones. — The  ketones  which  correspond  to  secondary 
aromatic  alcohols  are  in  all  respects  analogous  to  the  corresponding  ke- 
tones of  the  methane  series.  They  may  be  formed  by  analogous  methods: 
either  by  the  oxidation  of  the  secondary  alcohols,  or  by  the  distillation 
of  the  lime  salts  of  the  aromatic  acids. 

AcetO'phenone  (Phenyl-methyl  Ketone,  Hypnone),  CgH5.CO.CH3,  is  the 
simplest  representative  of  this  class.  It  is  formed  by  the  distillation  of 
a  mixture  of  calciiun  acetate  and  benzoate  taken  in  molecular  proportions : 

(CeH6.C00)aCa      -h      (CH3.COO)2Ca  2CaCOs      j       2C6H6.CO.CH3. 

It  is  a  colorless,  oily  liquid,  boiling  at  210°,  and  crystallizing  at  14°  in 
large  leaflets,  which  then  melt  at  20°.  It  has  a  peculiar  aromatic  odor,  is 
difficultly  soluble  in  water,  easily  soluble  in  alcohol,  ether,  chloroform, 
and  fatty  oils.  When  oxidized  it  yields  benzoic  acid  and  carbon  dioxide. 
It  has  been  introduced  into  medicine  as  an  hypnotic,  replacing  chloral 
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hydrate  and  paraldehyde.  The  name  **hypnone*'  has  been  given  it  in 
this  connection. 

PhenyUethyl  Ketone  and  Phenyl-propyl  Ketone  are  also  known.  The 
ketone  corresponding  to  benzoic  acid,  CgHjCO.CgH^,  and  known  as 
diphenyl  ketone,  or  benzo-phenone,  will  be  mentioned  later  under 
diphenyl-methane.  The  diatomic  and  triatomic  phenols  also  react  with 
glacial  acetic  acid  in  the  presence  of  zinc  chloride  to  produce  a  class  of 
ketones  known  as  keto-phenols. 

GallacetO'phenone,  CgH2(OH)3.COCH3,  is  formed  by  the  reaction  be- 
tween pyrogallol  and  glacial  acetic  acid  in  the  presence  of  zinc  chloride. 
It  forms  a  dirty-flesh-colored  crystalline  powder,  difficultly  soluble  in 
cold  water,  easily  soluble  in  hot  water,  alcohol,  or  ether,  and  in  glycerin. 
It  melts  at  170°.  It  is  used  in  medicine  as  a  substitute  for  pyrogallol, 
being  relatively  non-poisonous,  and  at  the  same  time  strongly  antiseptic 
against  micro-organisms.  V.    ,,.  ;  ^ 

\  IX.  Phenol  Alcohols  and  Phenol  Aldehydes. 

/  I.  Phenol  Alcohols. — These  compounds,  as  the  name  indicates, 
partake  of  both  phenol  and  aromatic  alcohol  character;  that  is,  they 
must  contain  at  least  two  OH  groups,  one  of  which  (the  phenolic  OH) 
is  directly  attached  to  the  nucleus,  and  the  other  (the  alcoholic  OH)  is 
contained  in  the  side  group,  which  will  then  be  CH^OH.  The  empirical 
formulas  of  the  phenol  alcohols  will  always  differ  by  one  additional 
oxygen  atom  from  the  aromatic  alcohols  to  which  they  correspond. 
Hence  they  are  often  called  "oxy  alcohols."    J.  .. .  ■  ^ , -,  vv^v^ 

Oxy-henzyl  Alcohols,  C,,H^(0H)CH20H. — Of  the  three  isomeric  com- 
pounds of  this  formula  the  ortho  compound  is  best  known.  It  is.fu^- 
genin.,  or  salicyl  alcohol,  which  results  when  the  glucoside  salicin  is  de- 
composed by  emulsin  or  dilute  acids  :  CjgHjgO^  -f  H^O  =  CgH^(OH)- 
CH.,OH  ^    C,H,,,0,. 

It  forms  pearly  tablets  soluble  in  hot  water,  alcohol,  and  ether,  melt- 
ing at  82*^,  and  subliming  near  100°.  It  yields  salicylic  acid  when  oxi- 
dized. 

Amsyl  Alcohol,  C(.H,(0CH3)CH_,0H,  is  the  methyl  ether  of  the  p-oxy- 
benzyl  aiCohol,  and  is  obtained  from  anisic  aldehyde  by  alcoholic  potas- 
sium hydroxide.  It  crystallizes  in  needles,  melting  at  25*^  and  boiling  at 
259°  without  decomposition.  When  oxidized  it  yields  anisic  aldehyde 
and  acid. 

Vanillin  Alcolwl,  C^H,  <  OCH3    ,  and  Piperonyl  Alcohol,  C.Hg  {  O ^^^'^ 

ICH.OH  ICH^OH. 

are  formed  from  their  aldehydes  vanillin  and  piperonal  by  acting  on 
their   solutions   with   sodium    amalgam.     Thev  are  derivatives   of  the 

roH 

hypothetical  prototcatechuvl  alcohol,  CgHg^  OH        ,  as  vet  unknown. 

ICH.OH 
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Vanillin  alcohol  crystallizes  in  colorless  prisms  which  melt  at  115°  and 
dissolve  easily  in  hot  water  and  alcohol.  Piperonyl  alcohol  forms  long 
prisms  melting  at  57°,  and  is  difficultly  soluble  in  water. 

a.  Phenol  Aldehydes  (Oxy  Aldehydes). — The  phenol  aldehydes  con- 
tain besides  the  aldehyde  group  COH  the  phenolic  OH,  and  show  the 
characters  of  both  aldehydes  and  phenols,  the  latter  being,  however, 
subordinate.  Besides  their  formation  by  oxidizing  the  corresponding 
alcohols,  we  have  an  interesting  synthetic  method.  This  consists  in  the 
action  of  chloroform  and  alkali  upon  phenols,  as  :    CgH^.OH  +  CHCI3- 

+  4KOH  =  CeH,  I  COH  +  3KCI  +  3H2O. 

Salicyl  Aldehyde,  CgH^(OH)COH. — This  is  the  ortho-oxybenzaldehyde. 
It  occurs  in  the  volatile  oils  of  different  varities  of  Spircea.  It  is  also 
obtained  by  the  oxidation  of  saligenin  and  salicin,  and  by  the  synthetic 
reaction  given  above.  It  is  an  oil  with  pleasant  aromatic  odor,  solidi- 
fying at  20°  and  boiling  at  196*^.  It  is  easily  soluble  in  water,  and  ferric 
chloride  produces  a  violet  color  when  added  to  its  solutions.  On  oxida- 
tion it  yields  salicylic  acid.  When  heated  with  sodiimi  acetate  and 
acetic  anhydride,  it  imdergoes  condensation  analogous  to  that  mentioned 
under  benzaldehyde,  and  yields  coumarin. 

Anisic  Aldehyde,  CgH^(0CH3)C0H,  is  formed  in  the  oxidation  of 
various  essential  oils  (anise,  fennel,  etc.)  with  dilute  nitric  acid  or  chromic 
acid  mixture.  It  is  a  colorless  oil,  boiling  at  248®,  with  an  agreeable  odor 
of  flowering  hawthorn.  On  exposure  to  the  air  it  oxidizes  readily  to 
anisic  acid,  and  should  therefore  be  kept  in  well-stoppered  bottles.  It  is 
readily  soluble  in  alcohol,  and  is  used  in  perfiunery  and  in  soaps. 
'  Protocatechuic  Aldehyde,  CgH3(OH)2COH. — This  compound,  the  par- 
ent substance  of  vanillin  and  piperonal,  was  first  obtained  from  the 
latter.  It  may  be  prepared  synthetically  from  pyrocatechin  by  the  chloro- 
form reaction,  or  from  its  ethers,  vanillin,  isovanillin,  and  piperonal,  by 
heating  them  with  dilute  hydrochloric  acid  to  200®.  It  forms  crystals 
soluble  in  water  and  melting  at  150°.  It  reduces  silver  solutions  with 
formation  of  a  mirror.  Ferric  chloride  colors  its  aqueous  solution  a 
deep  green. 

rCHO 
ij/  Vanillin  (Methyl-protocatechuic  Aldehyde),  Cfi^l  OCHj.Vanillum, 

(oh 

U.S. P.,  is  the  odoriferous  principle  of  the  vanilla  bean,  which  contains 
from  2  to  2^  per  cent.,  and  is  found  also  in  many  crude  beet-sugars,  in  as- 
paragus, asafoetida,  and  in  small  amount  in  the  woody  tissue  of  many 
plants.  It  was  first  made  artificially  by  Tiemann  and  Haarmann  by 
oxidizing  coniferin,CgH3(OCH3)  (0H)C3H^.0H,a  glucoside  contained  in  the 
cambial  jmce  of  the  Coniferce,  with  chromic  acid.  It  is  also  formed 
synthetically  together  with  an  isomeric  aldehyde  (isovanillin)  when 
guaiacol  is  acted  upon  with  chloroform  and  alkali,  and  by  oxidizing 
eugenol  from  oil  of  cloves,  which  latter  method  is  the  present  commer- 
cial  one*     Vanillin  crystallizes  in   needles,  and    is  soluble   in    wate^ 
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alcohol,  ether,  carbon  disulphide,  and  chloroform.  It  melts  at  80^  and 
boils  at  385^.  Heated  with  HCl  to  180^  it  decomposes  into  methyl 
chloride  and  protocatechtiic  aldehyde.  Ferric  chloride  colors  its  solu- 
tion blue.  ^y  0^ 

^/f'  ^  ^     rcoH 

/Piperonal   (Heliotropine),  C^H^-cO^^tj. — This  is  the    methylene 
—  (o^^^« 

ether  of  protocatechuic  aldehyde.  It  is  obtained  by  oxidizing  piperic 
add.  Forms  small,  colorless,  shining  crystals  smelling  of  coumarin 
and  difficultly  soluble  in  water,  but  readily  soluble  in  alcohol, 
ether,  vaseline,  and  glycerin.  Melts  at  37^  and  boils  at  263^.  Is  largdy 
used  in  perftunery  as  artificial  heliotropine. 

X.    Aromatic  Acids  and  Phenol  Acids. 

The  aromatic  acids,  like  the  fatty  acids  and  other  acids  of  the  methane 
series,  contain  one  or  more  carboxylic  groups,  COOH,  in  this  case  linked 
either  directly  or  indirectly  with  the  phenyl  group  or  the  benzene  nucleus. 
This  group  COOH,  of  course,  pre-supposes  the  side-group  CH,,  from 
which  it  is  formed  by  oxidation. 

TABLE   OF  AROMATIC  ACIDS  AND   PHENOL  ACIDS. 

Monobasic  Saturated  Acids:  Meltinip  Point. 

Benzoic  acid,  CeHs.COOH 121® 

Phenylacetic  acid,  CeH5.CHa.COOH 76* 


o-    102® 


Toluic  acids,  CeH4(CH8). COOH J  w-  iio<» 

(  />-    180® 

Hydrocinnamic  acid,  CeH5.CHa.CHa.COOH 49® 

Mesitylenic  acid,  \  166*^ 

I  CeH3(CHa)aCOOH 126^ 

Xylylic  acids,       J  163® 

Cumic  acid,  CeH4(C8H7)COOH 11  d'' 

Polyhasic  Saturated  Acids: 

Phthalic  acids,  CeH4<QQQjj \  m-  300®-: 

Trimesic  acid,  CeH3(C00H)3 300** 

Pyromellitic  acid,  C6Ha(C00H)4 264** 

Benzene-pen ta-carboxylic  acid,  CeH(COOH)5 

Mellitic  acid,  Ce(COOH)6 

Unsaturated  Acids: 

J>)^.  Cinnamic  acid,  C6H6.CH=CH.COOH 133O 

Atropic  acid,  C«^»-C\roOH '®^'* 

Phenyl-propiolic  acid,  CeH^.C^C.COOH      ,,.,,,,  136® 
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TABLE   OF  AROMATIC   ACIDS   AND   PHENOL  ACIDS. 

(Continued.) 
Phenol  Acids  and  Alcohol  Acids:  Melting  Point. 

Salicylic  acid,  CeH4(OH)COOH 1550 

m-  and  p-  oxybenzoic  acids.  CeH4(0H)C00H         .      .      .      .    |  ^'  ^°°° 

i  p-  210 

Anisic  acid,  CeH4(OCH8)COOH 184° 

OH 
Oxytoluylic  acids,  CeHsCCHaXp^^.- 

Melilotic  acid,  CeH4(OH)CHa.CH2.COOH 128° 

Mandelic  acid,  CeH5.CHOH.COOH ii8«» 

Tropic  acid,  CeH6.CH<^*jj 1170 

Protocatechuic  acid.  CeH3(OH)aCOOH 199° 

Vanillic  acid,  CeH8(OH)(OCH3).COOH 207*» 

Oisellinicacid,  CeHa(CH3)(OH)aCOOH 176° 

Gallic  acid.  CeHa(OH)3.COOH 222O 

Tannic  acid,  C14H10O0 

Quinic  acid,  CeH.He(OH)4COOH 162O 

Unsaturated  Phenol  Acids  : 

Coumaric  acid,  CeH4(OH)CH=:CH.COOH |  ^"  ^°f^ 

(  />-  206° 

Caffeic  acid.  CeH8(OH)aCH  -CH.COOH 

I.  Monobasic  Saturated  Acids. — These  may  be  formed  by  the  oxi- 
dation of  the  homologues  of  benzene,  the  side-group  being  changed.  Of 
course  the  oxidation  of  the  corresponding  primary  aromatic  alcohol  may 
also  serve  for  their  formation,  as  well  as  the  saponification  of  the  cyanides 
or  nitriles  of  the  hydrocarbons  (see  p.  586).  The  aromatic  acids  may 
undergo  in  general  the  same  reactions  and  yield  similar  classes  of  pro- 
^ducts  as  the  fatty  acids. 

.  .  Benzoic  Acid,  CgH^.COOH  (Acidum  Benzoicum,  U.S. P.),  was  dis- 
//{pvered  in  1608  in  gum  benzoin,  and  prepared  from  urine  by  Scheelc  in 
1785.  It  occurs  in  the  free  state  in  a  number  of  resins  and  balsams,  as 
gum  benzoin,  Peru  balsam.  Tolu  balsam,  dragon's  blood,  and  in  certain 
plants.  In  the  urine,  especially  of  carnivorous  animals,  it  occurs  as 
hippuric  acid.  It  is  produced  on  the  oxidation  of  all  hydrocarbons, 
alcohols,  aldehydes,  ketones,  ketonic  acids,  etc.,  which  are  derived  from 
benzene  by  replacing  one  atom  by  a  monovalent  side-chain.  It  is  pre- 
pared practically  either  by  sublimation  from  the  gum-resin  {acidum  ex 
resind),  or  by  the  decomposition  of  hippuric  acid  (acidum  ex  urina),  or 
synthetically  starting  from  toluene  (acidum  ex  ioluole).  The  reaction 
for  this  latter  production,  C,H,CC1,  +  2H,0  -=  CgH,.COOH  +  3HCI, 
has  already  been  referred  to  (see  p.  604). 

Benzoic  acid  forms  white,  lustrous  scales,  melting  at  121®,  boiling  at 
250°,  and  subliming  in  a  current  of  steam.  The  vapors  have  a  pecuHar 
odor,  exciting  to  sneezing  and  coughing.  It  is  difficultly  soluble  in  cold 
water,  readily  soluble  in  hot  water,  alcohol,  benzene,  and  petroleum 
ether.  ■       \  .';.- 


\ 


\ 
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Of  the  metallic  benzoates  we  have,  as  official  compounds,  AmmonU 
Benzoas,  U.S.P.,  NH,CyH,0„  Lithii  Benzoas,  U.S.P.,  LiCyH^O,,  and 
Sodii  Benzoas,  U.S.P.,  NaC^H^O,.  The  mercury  and  bismuth  ben- 
zoates have  also  been  used  in  medicine.  Both  the  methyl  and  the 
ethyl  esters  of  benzoic  acid,  C^Hj^.COOCH,  and  C^H^.COOC^H^  respect- 
tively,  are  known  as  pleasant-smelling  aromatic  liquids,  the  latter  especi- 
ally, under  the  name  of  "benzoic  ether,"  being  used  in  some  artificial 
fruit  essences.  Benzyl  benzoaie,  C^H^.COOC^H^,  has  been  used  in 
medicine. 

Other  derivatives  of  benzoic  acid  are :  benzoyl  chloride,  C^H^.COCl, 
benzonitrile  (or  phenyl  cyanide),  C^Hj.CN,  benzoic  anhydride,  (C^H,- 
C0),0,  benzamide,  C.H^.CONH,,  and  benzaniUd.  CcH^.CO.NHC^H,. 
This  latter  compound  is  the  analogue  of  acetanilid,  and  has  been  intro- 
duced into  medicine  as  an  antipyretic  possessing  some  advantages  over 
acetanilid.  Benzoyl  peroxide,  [C^HyCCyijO^,  and  benzoyl-acetyl  peroxide, 
C  H  CO  1 
CH  CO  I  ^2  ^^^  ^^  ^^^  ^^^^  ^^  medicine  as  antiseptics,  the  latter 

imafif  the  name  of  "acetozone.** 

An  important  derivative  of  benzoic  acid,  and  at  the  same  time  one  of 
the  commercial  sources  of  it,  is  hippuric  acid  (benzoyl-glycocoU), 
CH,.NH(C.H^.CO) 


COOH. 

This  compound  is  obtained  from  the  urine  of  the  herbivora,  and  in  case 
benzoic  acid  or  compounds  capable  of  yielding  it  by  oxidation  are  taken 
internally,  from  human  urine  as  well.  It  may  be  formed  artificially  by 
the  reaction  of  benzoyl  chloride  and  glycocoll  in  the  presence  of  caustic 
alkali: 

C«H5,C0C1     -h     CHa(NHa)COOH     --     CeHsCO.NH.CHaCOOH     ^      HCl. 

It  forms  rhombic  prisms,  melting  at  187.5°;  difficultly  soluble  in 
cold  water,  easily  soluble  in  hot  water  and  alcohol,  but  insoluble  in 
petroleum,  ether,  and  benzene.  By  boiling  with  acids  or  alkalies,  as 
well  as  by  putrefactive  decomposition,  it  is  decomposed  again  into  ben- 
zoic acid  and  glycocoll.  Of  the  substituted  benzoic  acids,  such  as 
nitrobenzoic,  amidobenzoic,  and  sulphobenzoic  acid  and  derivatives 
from  them,  two  compounds  may  be  mentioned:  o-amidobenzoic 
acid,  known  also  as  anthranilic  acid,  which  is  obtained  when  indigo 
is  boiled  with  causlTc "'potash  solution;  and  is  now  manufactured 
on  a  large  scale  as  a  step  in  the  manufacture  of  artificial  indigo 
(see  p.  638),  and  the  anhydride  of  c?-sulphamid-benzoic  acid,  which 
is  known  commercially  a,s  _  saccharine  (Benzosulphinidum,  U.S. P.). 
This  compound,  although  chemically  in  no  way  related  to  the  sugars, 
possesses  an  extraordinary  sweet  taste,  and  is  some  500  times 
sweeter  than  cane  sugar.  To  prepare  it,  o-toluene  sulphonic  acid. 
CgH4(CH3)S03H,  is  changed  into  o-toluene-sulphochloride,  C^H^(CHJ 
S0^,C1,    and   this   by   the  action   of   ammonia    into   the  sulphamide, 
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CjH^(CH5)SO,NH2.     This  on  oxidation,  yields  c?-sulphaniid-benzoic  acid, 

^6^4 -{  oQ  XTTT  f       of     which      '* saccharine"     is     the     anhydride, 

f  CO 
C-H^  <  Qo  >NH.     It  forms  a  white,  crystalhne  powder,  fusing  at  220** 

with  ^partial  decomposition.  It  is  used  for  sweetening  foods,  etc.,  for 
diabetic  patients  where  the  carbohydrates  cannot  be  allowed.  Fused 
with  caustic  potash  it  yields  salicylic  acid.  As  this  original  saccharine 
is  difficultly  soluble  in  water,   the  sodium  salt  of  the  (7-sulphamid-ben- 

zoic  acid,  CgH^<  SO  NH  '  ^^   ^^^^  VLsed  under   the  name   of   **  soluble 

sacchafine." 

Toluic  Acids,  CgH^(CH3)C00H. — ^The  three  toluic  acids  can  be  pre- 
pared from  the  three  xylenes.     Isomeric  with  them  is 

Phenyl'Ocetic  Acid,  C^H^.CHjCOOH. — This,  as  the  name  indicates,  is 
a  phenylated  acetic  acid.  It  may  be  formed  synthetically  by  the  saponi- 
fication of  benzyl  cyanide,  CgH^.CHgCN.  It  forms  also  in  the  putre- 
faction of  albuminoids  and  of  wool.  It  forms  scales,  melting  at  76.5® 
and  boiling  at  265.5°. 

Xylylic  Acids,  CgH3(CH3)2COOH. — Of  these  six  are  possible  and  four 
are  known.  Isomeric  with  them  are  the  phenyl-propionic  acids,  of 
which  there  are  two:  a-PhenyUpropionic  Acid  (Hydratropic  Acid),  CH3- 
— CH(CgH5).C00H,  and  fi-Phenylpropionic  Acid  (Hydrocinnamic  Acid), 
CHjCC^H^)  .CHj.COOH.  Of  these  the  latter  is  the  most  important.  It  is 
formed  by  the  action  of  sodium  amalgam  upon  cinnamic  acid,  and  from 
the  decay  of  albimiinous  matter.  It  forms  fine  needles,  melting  at  47° 
and  boiling  at  280®. 

Cumic  Acid  (/7-Isopropyl-benzoic  Acid),  CgH^(C3H7)COOH,  is  ob- 
tained by  oxidizing  Roman  oil  of  cumin  with  potassium  permangan- 
ate. It  also  results  from  the  oxidation  of  cymene  in  the  animal  or- 
ganism. It  crystallizes  in  plates,  and  yields  cumene  when  distilled 
with  lime. 

2.  Polybasic  Saturated  Acids. — By  the  oxidation  of  two  or  more 
of  the  side-groups  in  the  homologues  of  benzene,  polybasic  acids  are 

stained. 
*hthalic  Acids  (B^nzenerdicarboxy lie  Acids) ,  CgH^(C00H)2. — We  have 
lereTRrc'ErtSoiircfsT  orthophthalic  acid,  isoptltfiaKc'aCWrand^erephthalic 
acid.  The  first  is  in  all  respects  the  most  important.  It  forms  when 
~— onhoxylene  is  oxidized  by  nitric  acid  or  potassium  permanganate  (not 
by  chromic  acid,  however,  which  decomposes  it)  or  from  any  ortho-di-deri- 
vative  of  benzene.  It  is  made  on  a  large  scale  by  the  oxidation  of  naph- 
thalene, either  by  first  forming  the  tetrachlor-naphthalene,  Cj^,HgCl^, 
and  then  oxidizing  this  with  nitric  acid,  or  by  heating  naphthalene  with 
very  concentrated  sulphuric  acid  in  the  presence  of  mercuric  sulphate 
as  oxygen  carrier,  as  now  done  in  connection  with  the  manufacture  of 
artificial  indigo.  It  crystallizes  in  short  prisms  or  plates,  melting  at 
184®;  readily  soluble  in  water,  alcohol,  and  ether.   When  heated  ahov^ 
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its  melting  point,  it  readily  loses  water  and  yields  the  anhydride.  Dis- 
tilled with  lime  it  loses  CO2  and  yields  benzene. 

f  CO 
PhthcUic  Anhydride,  CgH^<  pq>0.— This  compound  is  obtained  by  sub- 
limation in  long,  white  prisms,  melting  at  1 28®  and  boiling  at  284°.     When 
heated  with  the  phenols  it  yields  a  series  of  compounds  known  as  **  phthal- 
eins,"   such   as   phenolphthalein,    resorcinphthalein    (fluorescein),    etc. 
These  will  be  referred  to  again  under  Triphenyl-methane  and  derivatives. 
Terphthalic  Acid  is  the  para  compound.     It  results  from  the  oxidation  of 
/^-xylene,  cymene,  etc.,  and  especially  of  oil  of  turpentine  or  oil  of  cumin. 
Benzene-tricarboxylic  Acids,  CgH^CCOOH),. — Three  isomers  are  known: 
trimesic  acid  obtained  by  the  oxidation  of  mesitylene ;   trimellitic  acid, 
J      obtained  by  the  oxidation  of  colophony;  and  hemimellitic  acid. 
^  Benzene-tetracarboxylic   Acids,   CgH^CCOOHjj. — Of    this   formula   are 

pyromellitic  acid,  prehnitic  acid,  and  mellophanic  acid. 

Benzene-pentacarboxylic  Acid,  CgH(C00H)5. — But  one  acid  of  this  for- 
mula is  possible  and  it  has  been  obtained. 

Benzene-hexacarhoxylic  Acid,  Cg(C00H)g. — The  aluminum  salt  of  this 

^P      acid  occurs  as  the  mineral  mellilite  (or  honey-stone)  in  peat  and  lignite 

^       deposits.     The  acid  may  also  be  formed  by  the  oxidation  of  lignite  or 

r  graphite  with  potassium  permanganate.     It  forms  fine,  silky  needles  of 

great  stability,  easily  soluble  in  water  and  alcohol.     When  distilled  with 

lime  it  yields  benzene. 

3.  Unsaturated  Aromatic  Acids. — It  will  be  remembered  that,  be- 
»  sides  the  saturated  aromatic  hydrocarbons  consisting  of  benzene  and  its 

homologues,  wc  mentioned  unsaturated  hydrocarbons,  such  as  phenyl- 
ethylene  and  phenyl-acetylene  (see  p.  602).  From  these  are  derived 
alcohols,  aldehydes,  and  acids  after  the  same  manner  as  from  the  satu- 
rated hydrocarbons.  Thus,  from  styrenc  (phenyl-ethylene),  C^H^.C- 
:  H=CH^,  is  derived  cinnamvl  alcohol,  C(.H.,.CH- CH.CH^OH,  cinnamic 

aldehyde,  CnH.ri.CH^CH.CHG,  and  lastly  Cinnamic  A€44r^^}l:,.CU::^Q- 
H.COOH.  This  acid  occurs  in  Peru  and~Tonnjaisanis~and  in  storax 
(both  free  and  as  cinnamic  esters) .  It  may  also  be  prepared  synthetically 
as  previously  mentioned  (see  p.  623),  by  the  condensation  of  benzalde* 
hyde  and  acetic  anhydride  in  the  presence  of  a  dehydrating  agent  like 
dry  sodium  acetate: 


CeHo-CH  O     r  H2  CHCOOH    -  CeHsCH  --CH— COOH  -f  H2O. 

It  crystallizes  in  prisms,  melting  at  133°  and  boiling  at  3oo°-304°.  It  is 
difficultly  soluble  in  water,  more  readily  in  alcohol,  and  easily  in  ether. 
It  can  be  sublimed,  and  is  volatile  in  a  current  of  steam.  As  an  unsatu- 
rated acid  it  can  add  on  halogens,  haloid  acids,  and  hypochlorous  acid. 
Isomeric  with  cinnamic  acid  is 

C  H 
Atropic  Acid,  ^^^"^'^rQQu-     This  acid   is  a  decomposition   pro- 
duct of  the  alkaloid  atropine,  which  when  boiled  with  acids  or  alkalies 
breaks  up  into  atropic  acid,  C^H^Oo,  and  the  base  tropine,  CgHjsNO. 
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Phenyl'propiolic  Acid,  CgH^C^CCOOH. — This  acid  bears  the  same 
relation  to  the  unsaturated  hydrocarbon  phenyl-acetylene  that  cinnamic 
acid  does  to  phenyl-ethylene  or  styrene.  It  may  be  formed  synthetically 
by  the  addition  of  bromine  to  ethyl  cinnamate,  and  decomposing  the 
dibromide   thus   formed  with   alcoholic   potash.     Its  most   important 

derivative  is  the  o-nitro-phenyl-propiolic  acid,  CgH^CNOg) — C^C.COOH, 
which  heated  with  reducing  agents  goes  over  into  indigo  blue  (see 
Indigo). 

4.  Phenol  Acids. — ^These  compounds  are  also  known  as  oxy-acids, 
as  their  empirical  formulas  show  one  or  more  atoms  of  oxygen  in  excess 
of  the  corresponding  aromatic  acid.  Thus,  benzoic  acid  is  C^HgOg,  while 
salicyHc  (oxy benzoic)  acid  is  C7Hg03.  In  them  there  is  at  least  one  OH 
group  attached  directly  to  the  benzene  nucleus,  and  giving  to  the  com- 
pound the  phenol  character,  while  at  the  same  time  they  contain  the 
carboxyl  group  COOH  and  act  as  acids.  These  phenol  acids  may  form 
with  bases  two  classes  of  salts,  in  one  of  which  the  H  of  the  acid  group 
alone  is  replaced  by  metal,  and  in  the  other  of  which  the  H  of  the  phenol 
group    is    also    replaced.      Thus,    we    have    from   salicylic    acid  both 

CgH^<  POQM      (neutral   sodiiun  salicylate)  and   C^HA  pQQvr      (basic 

sodium  salicylate).  The  first  salt  is  not  acted  upon  by  carbonic  acid, 
the  second,  like  the  salt  of  a  phenol,  is  decomposed  in  aqueous  solution 
by  COj,  and  changed  into  the  first  compound. 

f  OH 

Oxybenzoic  Acids,  CgH^<  rOOH* — ^^  ^^^  three  isomers  the  most  im- 

•portant  is  the  ortho  acid,  which  is  Acidum  Salicylicum,  U.S. P.  This 
is  found  in  the  blossoms  of  S^tfiBa  uJntaria  SLtid  as  methyl  ester  in  oils  of 
wintergreen  and-  birch.  Also  obtained  by  the  oxidation  of  saligenin 
(see  p.  624),  and  by  fusing  coumarin,  indigo,  ortho-cresol,  etc.,  with 
caustic  potash.  Synthetically  it  is  now  made  by  the  process  of  Kolbe 
as  improved  by  Schmidt ;  acting  upon  sodium-phenol  with  COj  in  closed 
vessels  at  a  temperature  of  130®: 

CeHjONa     +     CO,     =     CgHj— O— COONa.     ' 
CeHj— O— COONa       =      CeH4(0H)C00Na.     *^ 

There  is  formed  in  this  case  at  first  an  ether-like  compound,  sodium- 
phenol  carbonate,  and  this  then  by  molecule  rearrangement  passes  into 
sodium  salicylate.  At  a  somewhat  higher  temperature  only  half  the 
phenol  used  is  converted  into  salicylic  acid,  the  basic  sodium  salt  is 
formed,  and  the  other  half  of  the  phenol  distils  off  unchanged. 

Salicylic  acid  crystallizes  in  fine  needles,  fusing  at  156^-1 57°,  and 
volatile  in  a  current  of  steam.  It  is  difficultly  soluble  in  cold  water,  and 
more  readily  soluble  in  hot  water,  easily  soluble  in  chloroform,  alcohol, 
and  ether.     Ferric  chloride  produces  a  violet  color  in  its  aqueous  solutions. 

The  salts  of  salicyHc  acid  which  are  official  are  Ammonii  Salicylas, 
U.S.P.,  tithii  Salicylas,  U.S.P.,  Sodii  Salicylas,  U.S.P.,  Strontii 
Salicylas,  U.S.P.,  and  Bismuthi  Subsalicylas,  U.S. P. 


\ 
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Of  the  esters  of  salicylic  acid,  two  are  official:  Methylis  Salicylas, 
U.S.P.,  the  artificial  or  synthetic  methyl  salicylate,  used  in  perfumery 
and  in  flavoring,  and  Phenyl  Salicylate  or  Salol  (Phenylis  Salicylas, 
U.S.P.)  which  is  extensively  used  in  medicine.  It  is  made  by  the  action 
of  salicylic  acid  upon  phenol  in  the  presence  of  acid  chlorides  like  POCI| 
or  COClj.  It  is  a  white,  crystalline  powder,  odorless,  and  almost  tasteless. 
It  melts  at  42*^-43**,  and  is  almost  insoluble  in  water,  but  soluble  in 
alcohol,  ether,  chloroform,  and  fixed  or  volatile  oils.  Its  alcoholic  solu- 
tion gives  a  violet  color  with  ferric  chloride.  It  is  saponified  by  caustic 
sod^  with  liberation  of  salicylic  acid,  and  the  odor  of  free  phenol.  It  is 
used  mainly  as  an  antirheumatic,  but  also  in  some  cases  as  an  antipyretic 
y-  and  antiseptic. 

;|.    Both  m-cresol  salicylate  and  p-cresol  salicylate,  CjH4(0H)C00(C;H|- 
<  ^CH^),  have  been  proposed  as  substitutes  for  saiol,  liberating  the  isomeric 
"^        ■  cresols  instead  of  phenol  when  saponified. 

^  A  substitution  derivative  of  salicylic  acid  that  has  been  introduced 

;^->  into  medicine  is  di-dodosalicylic  acid,  CjH,Ij(OH)COOH,  prepared  by 

''      ^  the  action  of  iodine  and  iodic  acid  upon  salicylic  add  in  alcoholic  solu- 

J  .  I,  tion.     It  has  been  used  as  an  analgesic,  antipyretic,  and  antiseptic. 

\  t.  '^  The  sodium  salt  of  this  acid  is  also  used  in  the  same  way. 

Acetyl-salicylic  Acid  has  also  been  introduced  tmder  the  name  of 
•^         "aspirin,"  and  the  methyl-oxy methyl  ester  of  salicylic  acid  under  the 

name  of  "mesotan." 

«. 

i  Under  the  name  of  "salophen"  there  has  been  introduced  into  medi- 
cine acetyl-amido-phenol  salicylate,  0^11^(011)000. (C^H^NH.COCHJ. 
This  compound  contains  about  5 1  per  cent,  of  salicylic  acid.  It  is  claimed 
for  it  that  when  decomposed  in  the  intestines  it  yields  salicylic  acid  with 
antiseptic  properties  and  acetyl-para-amido-phenol  with  antipyretic 
properties  and  can  therefore  replace  salol  to  advantage.  Both  the 
meta-  and  the  para-oxybenzoic  acids  are  known,  the  latter  being  ob- 
tained when  resins  like  gum  benzoin,  dragon's  blood,  and  aloes,  as  well 
as  tyrosine,  are  fused  with  caustic  potash. 

Anisic  Acid,  CgH4(OCH3)COOH,  is  the  phenol  ether  of  the  />-oxyben- 
zoic  acid.  It  also  results  from  the  oxidation  of  anisol  (see  p.  617).  It 
forms  rhombic  prisms,  melting  at  184°. 

Hydro'cumaric  Acids,  CgH,(OH).CH2.CH.2COOH.— Of  the  several 
isomeric  acids  of  this  formula,  the  ortho-acid,  known  also  as  **melilotic 
acid,"  occurs  in  Melilotus  officinalis,  and  results  from  the  reduction  of 
coumarin.  The  para  variety,  on  the  other  hand,  is  produced  by  the  decay 
of  tyrosine. 

Tyrosine,  C6H,(OH).CH2.CH(NH2).COOH.— This  amido  acid  (see  p. 
536),  which  crystallizes  in  fine  silky  needle,  is  found  in  old  cheese  {rupdsi) 
in  the  pancreatic  gland,  in  diseased  liver,  in  beet-root  molasses,  etc., 
and  results  from  albumin,  horn,  silk,  and  similar  substances  on  boiling 
these  with  sulphuric  acid  or  from  their  decay.  It  is  also  found  in  human 
urine  in  cases  of  acute  phosphorus  poisoning.  It  has  been  made  also 
synthetically  from  phenyl-acetaldehyde. 
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Isomeric  with  several  of  these  monobasic  phenol  acids  are  several 
alcohol  acids  in  which  we  have  alcoholic  OH  in  one  side-chain  and  the 
carboxyl  group  COOH  in  another. 

Mandelic  Acid  (Phenyl-glycollic  Acid).  CgH,.CH(OH).COOH,  results 
upon  heating  amygdalin  with  hydrochloric  acid,  and  is  made  synthetically 
by  saponifying  benzaldehyde  cyanhydrin,  CgH^.COH.HCN.  Mandelic 
acid  is  interesting  as  entering  into  the  formation  of  the  artificial  alkaloid 
homatropine  (see  Alkaloids). 

Tropic  Acid,   CgH^.CH  <  pqqtj  i  is  formed  by  the  breaking  up  of 

atropine  and  hyoscyamine  under  the  influence  of  baryta  water,  the  pro- 
ducts being  tropic  acid,  CgH^jOg,  and  tropine,  CgHj^NO.  Tropic  acid  has 
also  been  made  synthetically.  Prolonged  boiling  with  baryta  water 
changes  it  into  atropic  acid  (see  p.  630). 

Protocatechuic  Acid,  CgH3(OH)2COOH,  contains  two  phenol  OH  groups 
and  the  one  COOH  group.  It  is  obtained  by  fusing  various  resins,  such 
as  catechu,  benzoin,  dragon's  blood,  asafoetida,  and  others,  with  potash. 
It  may  be  prepared  synthetically  by  heating  pyrocatechin  with  carbon- 
ate of  ammonia.  It  forms  lustrous  needles,  melting  at  199®,  soluble  in 
warm  water  and  alcohol,  insoluble  in  benzene.  It  reduces  ammoniacal 
silver  solution  but  not  Fehlihg's  solution.  The  solution  is  colored  green 
by  ferric  chloride,  turning  to  blue  after  addition  of  NajCO,.  Putrefac- 
tive decomposition  changes  it  into  pyrocatechin,  CgH^(0H)2  and  COj. 

Vanillic  Acid,  CgH3^  OCH  \  C^^^'  ^^  ^^^  monomethyl  ether  of  pro- 
tocatechuic acid.  It  results  from  the  oxidation  of  vanillin  or  coniferin. 
Forms  needles,  melting  at  207®,  and  capable  of  subliming. 

Veratric  Acid,  CgH3(OCH3)2.COOH,  is  the  dimethyl  ether.     It  occurs 
in  sabadilla  seeds  {Veratrum  sabadilla).     A  homologue  of  protocatechuic 
acid  is  orsellinic  acid,  CgH2(CH,)(OH)2COOH,  which  is  found  in  many 
^/lichens,  both  free  and  as  an  ester,  erythrin  (see  p.  517). 
/y    Gallic  Acid,  CgH2(OH)3COOH  (Acidum  Gallicum,  U.S.P.),  is  found 
/  naturally  in  nutgalls,  in  tea,  in  sumac,  and  in  other  plants,  and  is  made 
synthetically  by  several  reactions.     It  can  readily  be  prepared  from  the 
t>  tannin  of  nutgalls  by  the  action  of  dilute  acids  or  by  the  change  due  to 
j^nould  growths.     It  forms  silky  needles,  fusing  at  220°  to  240®,  and  is 
^   soluble  in  hot  water,  alcohol,  and  ether.     Is  decomposed  by  dry  distilla- 
tion into  pyrogallol  and  carbon  dioxide:  CgH2(OH)3COOH  =  CgH3(OH)3 
-  CO2. 

It  reduces  Fehling's  solution,  is  colored  blue-black  with  ferric  chloride, 
but  is  not  precipitated  by  lead  acetate.  With  potasium  cyanide  it  gives 
a  red  color,  and  with  iodine  in  the  presence  of  inorganic  salts  a  purplish 
red  color. 

Among  the  salts  of  gallic  acid  may  be  mentioned  the  basic  bismuth 

'Jgallate  (or  subgallate),  CgH2(OH)3COOBi(OH)2,  (Bismuthi  Subgallas, 

^/U.S.P.).    This  compoimd,  discovered  in  1841  by  Bley,  has  recently  been 

brought  forward  as  a  substitute  for  iodoform  in  skin  diseases.     It  forms 
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a  saffron-yellow  powder,  insoluble  in  water,  alcohol,  or  ether,  but  soluble 
in  dilute  acids. 

Closely  related  to  gallic  acid  and  occurring  with  it  in  the  several  natural 
sources  mentioned,  is  an  alteration  product  of  it : 
JjJb  GalloUmnic  Acid,  (Digallic  Acid)  Ci^HigOg  (Acidum  Tannicum, 
/U.S.P.). — It  is  found  in  gall-nuts  to  the  amount  of  60-65  P^r  cent,  as 
well  as  in  sumac,  tea,  etc.  It  is  best  prepared  by  extracting  powdered 
nut-galls  with  commercial  ether  or  with  acetone.  It  is  a  light-yellow- 
ish powder,  or  in  scales  or  spongy  masses,  nearly  odorless,  and  with  a 
strongly  astringent  taste.  It  is  soluble  in  water,  difficultly  soluble  in 
absolute  alcohol,  and  insoluble  in  absolute  ether,  benzene,  and  carbon 
disulphide.  When  boiled  with  dilute  adds  or  alkalies  it  takes  up  a 
molecule  of  water  and  yields  2  molecules  of  gallic  acid.  The  aqueous 
solution  is  colored  dark-blue  by  ferric  chloride.  Tannin  has  an  affinity 
for  the  animal  hide  and  for  gelatin,  and  is  abstracted  from  its  solution 
by  these  substances,  the  product  in  the  former  case  being  leather. 

Acetyl-tannin  has  been  introduced  into  medicine  under  the  name  of 
"tannigen,"  and  methylene-ditannin  under  the  name  of  "tannoform." 

The  salts  of  tannic  acid,  or  the  tannates,  are  amorphous.  The  iron 
salt  is  the  basis  of  the  '*  nutgall  ink,**  the  ferric  tannate  being  kept  in  sus- 
pension by  the  addition  of  some  gum  to  the  aqueous  liquid. 

Gallotannic  acid  is  but  one  of  a  large  series  of  related  tannins  which 
are  named  according  to  their  sotirces.  The  classification  proposed  by 
Prof.  Trimble  and  generally  accepted  *  is  as  follows: 

Group  a.  Gallotannic  acid,  Chestnut-wood  tannin,  Chestnut-bark 
tannin,  Pomegranate-bark  tannin,  and  Sumac  tannin. 

Group  b.  Oak-bark  tannin,  Mangrove  tannin,  Canaigrje  tannin,  Rhat- 
any  tannin,  Kino  tannin.  Catechu  tannin,  Tormentil  tannin. 

In  addition  to  these  not  classified  may  be  mentioned  Mori-tannic  acid 
(from  Morus  tinctoria),  Caffe-tannic  acid  (in  coffee),  Cinchona- tannic 
acid  (in  cinchona  bark),  etc.  It  has  been  supposed  that  a  number  of 
these  exist  in  the  plants  as  glucosides,  and  only  show  the  distinctive 
characters  on  the  breaking  up  of  this  original  combination,  but  all  recent 
investigations  indicate  that  there  is  no  chemical  combination  of  the  tannin 
with  glucose. 

Quinic  Acid,  C5H.Hg(0H)^C00H,  is  a  hexahydro-tetroxy-benzoic  acid. 
It  is  found  in  quinine  bark,  in  coffee  beans,  and  meadow  hay.  Forms 
prismatic  crystals,  fusing  at  161 .6®,  and  soluble  in  water.  When  oxidized 
yields  quinone  and  hydroquinone,  and  fused  with  caustic  potash  yields 
protocatechuic  acid.  The  action  of  reducing  agents  converts  it  into 
benzoic  acid: 

C7H1A     i-     H,    -     C\HA      !      4H,0. 

Several  of  the  salts  of  quinic  acid  are  used  in  medicine,  such  as  "sid- 
onal,"  the  quinate  of  piper azine  and  **chinotropin,**  the  quinate  of 
uroiropine  (hexamethylene  tetramine). 


♦The  Tannins,  by  Henry  Trimble,  vol.  ii.  p.  132,  J.  B.  Lippincott  Co.,  1894. 
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5.  Unsaturated  Phenol  Acids. — These  acids,  like  the  unsaturated  al- 
cohols and  aldehydes,  contain  an  unsaturated  side-group  with  a  COOH, 
and  at  the  same  time  one  or  more  phenol  groups  OH. 

Coumaric  Acid  (Oxycinnamic  Acid),  C^H,(OH).CH=:CH.COOH.— The 
ortho-coumaric  acid  is  found  in  sweet  clover  {Melilotus  officinalis),  and 
is  made  synthetically  by  several  reactions,  the  most  interesting  of  which 
is  the  condensation  of  salicyl-aldehyde  with  acetic  anhydride  in  the  pres- 
ence of  acetate  of  soda: 

CeH,(OH)CHO     +     (CHjCO),0     -^     CjH,(OH)CH--CH.COOH     -h     C,H,0,- 

It  forms  needles  melting  at  207^-208°,  and  subliming  when  heated. 
The  acid  very  readily  loses  a  molecule  of  water  and  yields  the  anhydride 

^    Coumarin,  C^H^  I  PH^rH  PO*     ^^  ^^  found  in  Tonka  beans  (the  seeds 

of  Dipterix  odorata),  in  woodruff  (Asperula  odorata),  and  other  vegetable 
sources.  It  may  be  formed  by  the  synthesis  given  above  for  coumaric 
acid,  and  in  small  quantity  when  malic  acid  is  heated  with  phenol  and 
sulphuric  acid.  Forms  shining  prisms,  melting  at  67°  and  boiling  at 
290°.  It  is  powerfully  aromatic,  and  is  employed  in  perfumery  and  to 
impart  an  aroma  to  certain  wines.  It  is  scarcely  soluble  in  cold  water, 
but  soluble  in  hot  water,  alcohol,  and  ether. 

Cafjeic  Acid  (Dioxycinnamic  Acid),  CgH3(OH)2CH=CH.COOH,  is  ob- 
tained by  the  decomposition  of  the  caffe-tannic  acid  of  coffee  beans. 
It  may  also  be  formed  synthetically  by  the  condensation  of  protocatechmc 
aldehyde  with  acetic  anhydride. 

Ferulaic  Acid  is  the  methyl  derivative  of  caffeic  acid.  It  is  found  in 
asafoetida,  and  may  be  made  synthetically  from  vanillin  (methyl-pro- 
tocatechuic  aldehyde)  and  acetic  anhydride. 

Umhellic  Acid  is  an  isomer  of  caffeic  acid.  Its  anhydride  is  umbelli- 
feron,  which  bears  the  same  relation  to  this  add  that  coumarin  does  to 
coumaric  acid. 

Anhydrides  of  trioxy-cinnamic  acids,  or,  as  they  may  also  be  termed, 
dioxy-coumarins,  are  jEsculetin  and  Daphnetin,  the  products  of  the 
decomposition  of  the  glucosides  iEsculin  and  Daphnin. 


\y  ^     - 


CHAPTER    VII. 

AROMATIC    COMPOUNDS    WITH    MORE    THAN    ONE    NUCLEUS. 

Two  classes  are  here  to  be  distinguished:  compotmds  in  which  the 
several  benzene  nuclei  are  joined  together  without  condensation,  and 
compounds  in  which  two  or  more  benzene  nuclei  have  condensed 
together  to  form  a  new  and  distinctive  nucletis  or  grouping. 

I.    Compounds  with  Uncondbnsed  Nuclei.    (Isocyclic  Compounds). 

.  .    I.  Diphenyl  Group. — ^Jtist  as  the  action  of  sodium  on  methyl  iodide 

f  (In  ethereal  solution  by  withdrawing  the  iodine  causes  the  two  methyl 

groups  to  unite  to  form  ethane,  CH, — CH,,  so  the  action  of  soditun  on 

brom-benzene  in  ethereal  solution  causes  the  two  phenyl  groups  to  unite 

to  form 

Diphenyl,  C^H^.C^H^. — It  is  also  formed  when  the  vapor  of  benzene 
or  benzoic  acid  is  led  through  a  red-hot  tube,  and  is  contained  in  coal- 
tar.  White,  lustrous  scales,  fusing  at  71®  and  boiling  at  254®.  When 
oxidized  it  yields  benzoic  acid. 

The  xisual  replacing  groups  OH,  NO,,  NH,,  HSO,,  and  CH,  may  re- 
place hydrogen  in  the  diphenyl  formula,  and  isomeric  compounds  are 
formed  according  to  the  position  of  the  replacing  group. 

Among  the  most  important  of  the  diphenyl  derivatives  may  be  men- 
tioned 

C.H,.NH, 
Di-p-amtdo-diphenyl   (Benzidine),     |  .        It    is   obtained    by 

C,H,.NH, 
reducing  the  corresponding  nitro  compound  of  diphenyl.  It  is  a 
diatomic  base  which  crystallizes  in  colorless,  silky  plates,  readily  soluble 
in  hot  water  and  alcohol,  and  melting  at  122°.  It  is  of  great  importance 
in  the  color  industry,  since  its  diazo  compounds  react  with  phenols  and 
amines  to  form  a  valuable  class  of  dyes,  which  are  used  on  cotton  without 
previous  mordanting.  These  are  known  collectively  as  *'  benzidine  dyes.*' 
By  the  action  of  hydrofluoric  acid  upon  benzidine  is  obtained  diflitor- 
C,H,F 
diphenyl,    \         ,  which  has  been  introduced  into  medicine  under  the 

C,H,F 
name  of  *'antitussin.'* 

CeH,. 
Carbazole,   \         /NH,  is  the  imide  of  diphenyl.     It  is  contained  in 

coal-tar  and  in  crude  anthracene,  and  may  be  obtained  also  by  passing 
diphenylamine  (see  p.  610)  through  red-hot  tubes. 

Hexoxy 'diphenyl,  C,2H^(0H)g,  which  dissolves  in  potash  with  violet- 
blue  color,  is  the  mother-substance  of  Cceridignone   (or  Cedriret),    C^,- 
636 
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HjjOj,  a  violet-colored  compound  which  is  formed  when  crude  pyroligne- 
ous  acid  is  purified  with  chromate  of  potash,  and  also  from  the  oxidation 
of  the  dimethyl-pyrogallol  of  beech-wood  tar.  It  crystallizes  in  fine, 
steel-gray  needles,  soluble  in  concentrated  sulphiuic  acid  with  fine  blue 

^    color. 

/  ^  2.  Diphenyl-methane  Group. — ^The  replacement  of  one  hydrogen  in 
methane  by  phenyl,  C^Hj,  gives  us  phenyl-methane,  which  we  have  al- 
ready considered  as  methyl-benzene,  or  toluene;  the  replacement  of  two 
or  three  hydrogen  atoms  by  phenyl  groups  gives  us  diphenyl-methane 
and  triphenyl-methane  compounds,  which,  therefore,  bear  a  simple  rela- 
tion to  toluene.     Thus,  we  have, 

{CeHs  /  y'      ( CeHs  C  CeHs 

H  /  "    r  J  CsHs  P  )  CeHs 

H      •  ^;^^H      •  ^ICeHs* 

H  y      (h  (h 

Phenyl-mcthane,  Diphenyl-methane.  Triphenyl- 

or  toluene.  methane. 

Diphenyl-methane,  CgH^.CHj.CjHj,  is  obtained  by  the  action  of  benzyl 
chloride  upon  benzene  in  the  presence  of  aluminum  chloride  or  zinc- 
dust.  It  forms  long,  colorless  needles,  which  smell  of  oranges.  Fusing 
point  26°-2  7°. 

Benzophenone  (Diphenyl-ketone) ,  CgH5.CO.CgH5,  may  be  obtained  by 
oxidizing  diphenyl-methane  with  chromic  acid,  or  more  simply  by 
distilling  benzoic  acid  with  lime.  This  reaction  shows  it  to  be  the 
counterpart  of  acetone  obtained  by  distilling  acetate  of  lime.  Color- 
less crystals,  insoluble  in  water,  soluble  in  alcohol.  It  is  dimorphous  and 
may  crystallize  in  rhombic  prisms,  fusing  at  49°,  or  in  rhombohedra, 
fusing  at  27°. 

Fluorene  (Diphenylene-me thane),    |         yCHj,  is  contained  in  coal- 

tar,  and  crystallizes  in  colorless  plates  with  a  violet  fluorescence.  It 
melts  at  113°  and  boils  at  295°. 

3.  Triphenyl-methane  Group. — Triphenyl-methane,  CHCCgHJj,  and 
its  homologues,  diphenyl-tolyl-methane, 

f  C.H,  j  C„H, 

CH'vCgH,        ,    and    phenyl-ditolyl-methane,    CH<CgH,.CH,,    are    of 

(CgH^.CH,  (  CgH^.CH, 

especial  importance  as  being  the  mother-substances  of  the  great  major- 
ity of  the  so-called  ** aniline  dyes.'* 

Triphenyl-methane  can  be  made  synthetically  by  a  variety  of  reactions. 
Thus,  by  the  action  of  benzal  chloride  on  benzene  in  the  presence  of 
ALjClg  we  have 

CeHs-CHCla     -h     2C6H6     --     CH(C6H5)8     +     3HCI. 

or  from  chloroform  and  benzene  in  the  presence  of  aluminum  chloride, 

CHC1«      t      sCeHe    -     CH(C9H5)8     f     3HCL 


XI? 


638  ORGANIC  CHEMISTRY. 

It  forms  white,  prismatic  crystals,  soluble  in  hot  alcohol  and  ether,  fusing 
at  92.5°  and  boiling  at  359°. 

Trtphenyl-carbinol,  (CgHJj.CCOH),  may  be  prepared  by  oxidizing 
triphenyl-methane  with  chromic  acid. 

Fuming  nitric  acid  acting  upon  triphenyl-methane  produces  trinitro- 
triphenyl-methane,  (CgH^.N02)3CH.  and  this  oxidized  gives  trinitro-tri- 
phenyl'Carbinol,  (CgH^N02)3.C(OH) .  The  corresponding  amido  compounds 
(CgH,NH2)5CH  and  (CgH^NH^XnCCOH)  are  known  as  "para-leucaniline" 
and  **para-rosaniline"  respectively,  and  are  the  starting-points  of  the 
aniline  color  manufacture. 

In  practice  para-rosaniline  is  obtained  by  the  oxidation  of  a  mixture 
of  I  molecule  of  para-toluidine  and  2  molecules  of  aniline,  by  means  of 
arsenic  acid  or  nitro-benzene. 

TRIPHENYL-METHANE    DYE-COLORS. 

From  triphenyl-methane  may  be  derived  the  four  groups  of  dye-colors  which 
follow,  and  these,  which,  in  distinction  from  the  nitro  dye-colors,  the  azo  dye- 
colors,  or  the  naphthalene  and  anthracene  dye-colors,  are  called  the  triphenyl- 
methane  colors,  are  the  ** aniline  colons"  in  the  narrower  sense  of  the  word.  These 
groups  are: 

(a)  The  Malachite  Green  group  (Diamido  derivatives  of  Triphenyl-methane). 

(6)  The  Rosaniline  group  (Triamido  derivatives  of  Triphenyl-methane). 

{c)  The  Rosolic  Acid  group  (Oxy  derivatives  of  Triphenyl-methane). 

\d)  The  Phthalein  group  (derivatives  of  Triphenyl-methane-carboxylic  acid). 

Phenol-phthalein  forms  colorless  needles,  fusing  at  2^o°-2  53°,  which  are  insolu- 
ble in  water,  soluble  in  alcohol.  Alkalies  also  dissolve  it  with  red  color,  which  the 
slightest  excess  of  acid  causes  to  disappear.  Hence  used  as  an  indicator  in  alka- 
limetry.    (Phenol-phthalein  Test-solution.  U.S. P.) 

^     4.  The  Indigo  Group. — In  the  Indigo  plant   {Indigojera  tinctoria), 

as  well  as  in  woad  {I satis  tifictoria)  and  other  plants,  is  present  a  glucoside. 

I ndican,  which  by  its  decomposition,  which  takes  place  by  a  spontaneous 

fermentation  when  the  plant  is  cut,  yields  "Indigo  blue'*  along  with  a 

sugar-like  substance  known  as  "indiglucin." 

Indigo    (Indigotin   or  Indigo  Blue),  Cj^HjjjNjOo,  has  now  been  made 

synthetically  by  a  variety  of  methods,  and  its  molecular  constitution  is 

clearly  understood.     Its  formula  is 

CO  CO 

CgH^<j^TT>C- C<j^pT>CgH^.      Its    synthesis    from    o-nitro    phenyl- 

propiolic  acid  (see  p.  631)  has  already  been  referred  to,  the  reaction 
in  this  case  being  2CgH,(N02).C=C.COOH  +  4H  --  C^H^.N^Oj  + 
2C0.^  +  2H^0,  the  reducing  agent  in  this  case  being  either  grape-sugar 
in  alkaline  solution  or  an  alkaline  xanthogenate. 

A  later  synthesis  of  different  character  consists  in  fusing  together 
phenyl-gly cocci  1  with  caustic  potash  out  of  excess  of  air,  when  *' indigo 
white"  is  formed,  which  by  oxidation  at  once  changes  into  indigo  blue. 
The  commercially  practical  synthesis,  however,  which  is  now  being 
carried  out  on  a  large  scale  in  Germany  requires  as  the  two  important 
materials,  anthranilic  acid  (see  p.  628)  and  monochloracetic  acid.  The 
former  is  made  from  naphthalene  by  first  forming  phthalic  acid,  and  from 
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this  phthalimide,  which  treated  with  alkaline  bromine  solution  yields 
anthranilic  acid;  the  latter  by  the  reaction  of  chlorine  and  glacial  acetic 
acid.     The  reaction  is  : 


C6H4<QQQjj' HaC.COOH  =  ^^H^Kqqq^i 

The  phenylglycocoH-{?-carboxylic  acid  on  fusion  with  caustic  soda  is  trans- 
formed into  indoxyl  CgH^<p,QTT\^CH,  which  in  alkaline  solution  is 

converted  by  atmospheric  oxidation  into  indigo. 

Indigo  can  be  obtained  from  solution  in  aniline  in  blue  crystals  with  a 
coppery-red  lustre.  It  is  insoluble  in  water,  alcohol,  and  ether,  but  sol- 
uble in  hot  aniline,  chloroform,  petroleum  naphtha,  fusel  oil,  and  nitro- 
benzene. It  dissolves  in  cold  sulphuric  acid  without  change,  but  on 
heating,  the  indigo-sulphonic  acids  are  formed.  Oxidizing  agents  like 
fusing  alkalies  change  it  into  salicylic  and  anthranilic  acids.  Reducing 
agents  change  it  into  indigo  white.  Indigo  has  been  used  from  the 
earUest  times  for  dyeing  purposes,  being  brought  from  the  East  Indies. 

Indigo  White,  CijHjjNjOj,  results  from  the  reduction  of  indigo  blue. 

Sulphonic  Acids  of  Indigo. — Indigo,  when  treated  with  fuming  sulphuric 
acid,  is  converted  into  a  mixture  of  Indigo-monosulphonic  and  Indigo- 

disulphonic  Acids,  C,gH9(SO.^H)N202  ^^^  CipH^CSO^HJjNjOg  respectively. 
When  the  strong  acid  solution  is  diluted  with  water,  the  first  of  these  is 
precipitated,  insoluble  in  dilute  acids,  although  soluble  in  pure  water. 
The  second  remains  dissolved  in  the  dilute  acid  solution.  Its  sodium 
salt  comes  into  commerce  as  "Indigo-carmine,*'  or  soluble  indigo- 
color. 

Isatin,  CgH^NO^TorCgH^^  ^\c(OH)y  is  formed  by  the  oxida- 
tion of  indigo  with  nitric  acid.  It  forms  yellowish-red  prisms, 
soluble  in  hot  water  and  alcohol,  fusing  at  200^-201®.  When  dissolved 
in  excess  of  concentrated  sulphuric  acid,  it  gives  a  blue  color  with  thio- 
phene  or  benzene  containing  thiophene  (see  Thiophene,  p.  590). 

By  reduction  of  isatin  are  obtained  dioxindol,  oxindol,  and  indol. 

Indoxyl    C^H^NO^or  C^H.^^^^JJ^^ChY   is    found   in   the  form 

of  its  sulphonic  acid  in  normal  urine  in  small  amount,  and,  under 
pathological  conditions  (stoppage  of  the  intestine),  in  larger  amount. 
Yields  indigo  when  oxidized.  Indoxyl  may  be  tested  for  in  the 
urine  by  adding  strong  hydrochloric  acid  and  a  few  drops  of  chlorin- 
ated soda  as  an  oxidizing  agent,  when  the  blue  color  of  indigo  will  be 
obtained. 

The  underlying  substance  of  the  whole  indigo  group  is 

Indol,     CgH^^^^TT^CH. — ^This   substance   is   obtained  readily  from 

albuminoids  by  the  action  of  bacteria,  by  the  pancreatic  fermenta- 
tion, and  by  fusion  with  caustic  potash.     It  has  also  been  made  syntheti- 
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cally  by  heating  o-nitrocinnamic  acid  with  potash  and  iron  filings,  by 

heating  aniline  with  monochloracetaldehyde,  and  by  other  reactions.     It 

forms  lustrous  white  leaflets,  melting  at  52^  and  readily  volatile  with 

steam.     It  has  the  peculiar  odor  of  faeces. 

Indol  can  be  considered  as  the  condensation  product  of  a  benzene 

nucleus    and    a    pyrrol    nucleus,    as    illustrated    by    the    structural 

formulas: 

CH  CH  NH 

HC  CH  NH  HCC    CH 

I     II  /\  I    II     II 

HC  CH  HC  CH  HC  C— CH 

\/  II    II  %/ 

CH  HC-CH  CH 

Benienc.  Pyrrol.  Indol. 

In  this  formula,  two  carbon  atoms  are  common  to  both  the  benzene 
and  the  pyrrol  nuclei.  We  shall  have  examples  of  similar  condensation 
of  two  or  more  benzene  nuclei  in  the  formulas  of  naphthalene  and  anthra- 
cene. 

SkcUd,  (iJ.methylindol).  C.H,<^^^^!^CH,  is  found  in  the  faeces, 

and  is  formed  from  albumin  by  fusion  with  potash  or  by  the  action 
of  bacteria,  generally  accompanied  by  indol.  It  may  also  be  made 
synthetically  from  propionaldehyde  and  phenyl-hydrazine.  It  forms 
white,  lustrous  leaflets,  melting  at  95**  and  boiling  at  265*^-266®,  and 
possessing  a  strong  odor  of  faeces.  A  pine  chip,  moistened  with  an  al- 
coholic skatol  solution  and  then  dipped  in  cold,  strong  hydrochloric  acid, 
is  colored  first  cherry-red  and  then  dark  violet. 

II.     Compounds  with  Two  Condensed  Benzene  Nuclei. 

(IsocYCLic  Compounds.) 

In  the  higher-boiling  portions  of  coal-tar  occur  hydrocarbons  still 
richer  relatively  in  carbon  than  benzene, — that  is,  containing  relatively 
less  hydrogen  for  a  given  number  of  carbon  atoms.  While  the  general 
formula  of  benzene  and  its  homologues  was  C^^Hj^.^,  these  hydrocarbons 
belong  mainly  in  two  series,  possessing  the  general  formulas  C^H^^,,, 
and  C^H2„_,jj  respectively.  These  hydrocarbons  not  only  belong  to  the 
closed-chain  or  cyclic  hydrocarbons,  but  they  bear  a  close  relationship 
to  benzene,  and  are,  in  fact,  derivatives  of  it.  This  is  seen,  for  instance, 
in  the  fact  that  naphthalene,  the  representative  of  the  formula  C^H^^.!, 
when  oxidized  yields  phthalic  acid,  and  anthracene,  the  representative 
of  the  formula  C^Hj^^ig,  when  oxidized  yields  benzoic  acid. 
I.  Naphthalene  Series.  (General  formula,  C„H2„_i2.) 
Naphthalene,  C,„H„  (Naphthalenum,  U.S. P.),  is  a  product  of  destruc- 
tive distillation  of  many  organic  compounds,  being  formed  when  ethylene, 
acetylene,  alcohol,  ether,  acetic  acid,  camphor,  etc.,  are  decomposed  by 
heat,  as  in  passing  through  a  red-hot  tube.  Is  mainly  extracted  from 
cofll-tar,  of  which  it  is  an  abundant  constituent.     It  forms    white, 
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lustrous  scales,  melting  at  79.2°  and  boiling  at  218®,  but  volatile  in  a 
current  of  steam.  Is  insoluble  in  water,  soluble  in  hot  alcohol  and  ether. 
Naphthalene  has  a  strong  and  characteristic  coal-tar  odor.  It  is  used 
as  an  antiseptic  and  disinfectant,  and  as  a  substitute  for  camphor  as  a 
preservative  against  moths  (hence  the  designation  *' coal-tar  camphor'*), 
and  on  a  large  scale  for  the  manufacture  of  phthalic  acid  and  numerous 
derivatives  used  in  the  dye-color  industry,  and  for  carburetting  illuminat- 
ing gas. 

The  constitution  of  naphthalene  has  been  established  by  a  study 
of  its  decompositions  and  is  illustrated  by  the  following  graphic  form- 
ulas: 

CH  CH  CH 

/\  <^'^\     \ 

HC  CH  HC    C    CH 

I    II  I      I      I 

HC  CH  HC    C    CH 

%/  "^^^^  V 

CH  CH  CH 

Benzene.  Naphthalene. 

In  this  formula,  two  benzene  nuclei  are  considered  to  have  condensed, 
two  atoms  of  carbon  being  held  in  common  by  the  two. parts  which  have 
united.  This  gives  us  10  atoms  of  carbon,  of  which  only  8,  however, 
are  free  to  attach  hydrogen,  hence  the  formula  C,oH^. 

2.  Addition  Compounds  of  Naphthalene. — Naphthalene  takes  up 
hydrogen  far  more  readily  than  benzene  does,  and  forms  first  naphtha- 
lene dihydride,  Cj^Hg.Hj,  and  naphthalene  tetrahydride,  C|j,Hg.H^.  By 
more  intense  action  of  hydriodic  acid  and  phosphorus  the  second  ben- 
zene nucleus  is  also  attacked,  and  a  hexahydride,  C,„Hj^.Hp,  and  finally  a 
dekahydride,  CjyHg.H,,,,  are  formed.  It  also  yields  chlorine  addition  prod- 
ucts more  readily  than  benzene  docs,  such  as  naphthalene  dichloride, 
CiyHg.Clj,  and  naphthalene  tetrachloride,  Cj„Hg.Cl^.  This  latter  is  manu- 
factured on  a  large  scale  by  the  action  of  potassiiun  chlorate  and  hydro- 
chloric acid  upon  naphthalene,  and  is  then  oxidized  by  the  aid  of  nitric 
acid,  yielding  phthalic  acid  as  a  product  (see  p.  629). 

3.  Substitution  Derivatives  of  Naphthalene. — In  speaking  of  ben- 
zene it  was  stated  (see  p.  595)  that  in  the  case  of  mono-substitution 
compounds  it  mattered  not  which  H  atom  of  the  benzene  molecule  was 
considered  to  have  been  replaced.  In  the  case  of  naphthalene  we  find 
that  there  are  two  mono-chlornaphthalenes,  two  mono-nitronaphthalenes, 
etc.  The  reason  of  this  is  apparent  on  examining  the  structural  formula 
of  naphthalene.  It  will  be  seen  that  in  the  accompanying  two  cases 
represented  the  replacement  in  the  one  formula  is  of  hydrogen  attached 
to  a  carbon  adjacent  to  one  of  the  two  linking  carbons,  and  in  the  other 

formula  is  of  a  hydrogen  not  adjacent  to  either  of  these  linking  carbon 

CH   C— NOa  CH   CH 

HC    C    CH  HC     C      C— NOa. 

atoms:  I     !      I  j^     "      ' 


HC    C    CH  HC    C      C 

H 


Ctt   CH  CH  CH 
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The  first  of  these  compounds  is  called  a-nitronaphthalene  and  the 
second  ^-nitronaphthalene. 

There  are  fottr  positions  the  replacing  group  may  take  in  the  case  of 
the  a  derivative,  and  four  positions  in  the  case  of  the  p  derivative. 

Thus,  in  the  formula  j      ||      1.  we  have  represented  the  several  cases 

a       a 
for  both  a  derivatives  and  p  derivatives. 

The  halogen  derivatives  of  naphthalene  possess  only  slight  interest. 
The  a-  and  /9-nitronaphthalenes  are  chiefly  important  as  furnishing  by 
their  reduction  the  corresponding  naphthylamines.  These  are  the  coim- 
terpart  of  aniline  and  its  homologues  in  the  benzene  series.  They  find 
a  large  application  in  the  manufacture  of  azo  dye-colors. 

Both  naphthylamines  are  reducible  by  sodium  in  alcoholic  solution 
to  tetrahydro-addition  compounds.  The  second  of  these,  tetrahydro* 
^-naphthylamine,  has  been  introduced  into  medicine  under  the  name 
of  "  themlin. "  It  is  a  clear,  colorless  liquid  of  a  piperidine-like  odor,  and 
of  so  energetic  basic  properties  that  it  forms  a  stable  salt  with  carbonic 
acid.  It  has  a  mydriatic  action,  and  at  the  same  time  raises  the  tempera- 
ture of  the  body  quite  appreciably.    The  salt  used  is  the  hydrochlorate. 

The  two  naphthalene-monosulphonic  acids  are  also  important,  both 
for  the  manufacture  of  dye-colors  and  because  by  their  fusion  with  caustic 
alkali  they  yield  the  two  naphthols. 

The  naphthols,  Ci^H^.OH,  are  the  simple  hydroxyl  derivatives — or, 
in  other  words,  are  the  phenols — of  the  naphthalene  series.  Both  are 
found  in  coal-tar.  a-naphthol  may  be  obtained  from  a-naphthylamine 
by  means  of  the  diazo  compound  or  upon  fusing  a-naphthalene-sulphonic 
acid  with  alkalies.  Both  reactions  are  analogous  to  those  used  for  the 
preparation  of  phenol  (see  p.  614).  It  is  soluble  with  difficulty  in  hot 
water,  readily  in  alcohol  and  ether,  crystallizes  in  shining  needles, 
and  has  the  odor  of  phenol.     It  melts  at  95°  and  boils  at  2  78°-28o°. 

A  nitro  derivative  of  a-naphthol  that  has  been  used  largely  in  the 
dyeing  industry  is  dinitro-a-naphthol,  C,„H5(N02)2.0H.  The  sodium 
and  calcium  salts  have  been  known  as  ** Martins  yellow"  (naphthalene 
yellow).    They  are,  however,  difficultly  soluble,  and  have  been  replaced 

f  OK 

by  the"  corresponding  sulphonate,  CipH^(N02)2"S  q^q  t^,  which  is  known 

as  "naphthol  yellow." 

>  i^-Naphthol  (Betanaphthol,  U.S. P.). — Fuming  sulphuric  acid  acting 
upon  naphthalene  at  80^-90°  produces  «-naphthalene-sulphonic  acid 
chiefly,  but  at  200°  /5-naphthalene-sul phonic  acid  is  the  chief  prod- 
uct. The  sodium  salt  of  this  acid  is  fused  with  caustic  soda,  and 
the  result  is  /?-naphthol-sodium.  From  this  the  official  compound  is 
liberated  by  the  addition  of  hydrochloric  acid.  It  forms  colorless, 
silky  scales  or  crystalline  powder  of  a  weak  phenol-like  odor  and  sharp 
taste.    It  fuses  at  122°  and  boils  at  286^.    Alkalies  produce  a  blmsh- 
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violet  fluorescence;  ferric  chloride  produces  a  greenish  color.  /5-naph- 
thol  is  soluble  in  alcohol,  ether,  benzene,  chloroform,  oils,  and 
alkalies. 

It  is  quite  analogous  in  chemical  properties  to  phenol  or  carbolic 
acid.  It  is  largely  used  for  external  application  as  an  antiseptic;  taken 
internally  it  is  a  poison.  /5-naphthol  should  be  free  from  contamination 
with  a-naphthol,  as  this  is  quite  poisonous.  The  ferric  chloride  test 
above  mentioned  serves  to  distinguish  them;  with  a-naphthol  a  violet 
color  is  obtained. 

,3-Naphthol  ethyl  ether,  C.^H^COC.H,)  is  known  as  "nerolin"  and  has 
an  odor  similar  to  orange  flowers.    It  is  used  in  perfumery. 

Amido-naphthol  tnonosulphonate  of  sodium  is  used  as  a  photographic 
developer  under  the  name  of  "Eikonogen." 

fi-Naphthyl-salicylaie  (Betol).  C,H,(0H)C00C,„H7.— This  compound 
is  the  counterpart  of  salol,  which  is  phenyl  salicylate.  It  forms  a  pure 
white  powder  of  lustrous  crystals,  melting  at  95°.  It  is  difficultly  soluble 
in  both  cold  and  hot  water,  easily  soluble  in  boiling  alcohol,  ether, 
benzene,  and  warm  linseed  oil.  Its  therapeutic  action  is  almost  the  same 
as  that  of  salol,  decomposing  in  the  intestine  into  salicyclic  acid  and 
iS'-naphthol. 

fi-Naphthol-a-fnonosulphonate  of  Calcium  (Asaprol  or  Abrastol). — It 
has  been  recommended  for  internal  administration  in  case  of  rheumatism, 
gout,  etc.,  and  is  used  as  a  food  preservative. 

Dioxynaphthalenes,  C^^Yi^{Oli).^,  the  counterparts  of  the  diatomic 
phenols,  are  also  known.  Similarly  corresponding  to  quinone,  CgH^O^, 
are  the  «-  and  iS-naphthoquinones,  C^^^Hfi.^.  These  are  produced  directly 
by  the  oxidation  of  naphthalene  with  chromic  acid. 

Both  the  hydroxyl  group,  OH,  and  the  quinone  group,  O.^,  may  exist 
in  the  same  molecule.  We  have  an  oxynaphthoqui^tone,  C,„H,(0H)02, 
and  a  dioxynaphthoquinone,  C,„H^(OH)202.  This  latter  is  known  as 
**naphthazarine'*  (or  alizarine  black),  a  valuable  dye-color. 

Homologues  of  naphthalene,  such  as  «-  and  jS-methyl-naphthalenes , 
are  found  in  coal-tar.  From  these  are  derived  the  naphthoic  acids, 
Cj^H^.COOH,  just  as  benzoic  acid  is  derived  from  toluene  or  methyl- 
benzene,  and  corresponding  to  the  oxy benzoic  acids  (such  as  salicylic 
acid)  we  have  «-  and  pf-oxynaphthoic  acids.  Of  these  the  former  has  been 
used  in  medicine  as  an  antiseptic  of  very  similar  character  to  salicylic 
acid. 

III.     Compounds  with  Three  Condensed  Nuclei. 

(IsocYCLic  Compounds.) 

Under  the  general  formiila  C,,H2„_m  we  have  two  hydrocarbons  of 
the  composition  Cj^Hn,,  besides  homologues  of   these.      These   hydro- 

^    carbons  are  anthracene  and  phenanthrene,  and  both  occur  in  coal-tar. 

y  I.  Anthracene  and  its  Derivatives. — Anthracene  is  a  product  of 
destructive  distillation  of  organic  material,  such  as  coal-tar,  petroleum. 
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turpentine  oil,  etc.,  and  can  be  made  synthetically  from  a  variety  of 

CH   CH    CH 

HC     C    i  C     CH 

sources.    Its  structural  formula  is  considered  to  be       |      II    '    ||      I 

HC     C    j  C     CH' 

CH    CH    CH 

in  which  formula  we  have  two  benzene  residues,  C^H^,  united  by  the 
group  CgH,  as  the  middle  nucleus.  This  group,  C2HJ,  with  the  equivalence 
four,  links  together  the  two  parts  in  the  manner  expressed  by  the  full 

CH, 
structural  formula  given  above,  or  sometimes  expressed  CgH^<^  |         C^H^. 

^CH 
That  the  two  CH  groups  which  join  together  the  two  benzene  nuclei 
are  also  linked  with  each  other  by  a  single  bond  is  indicated  by  several 
reactions,  among  which  may  be  mentioned  the  formation  of  anthracene 
from  benzene  and  tetrabromethane  in  the  presence  of  aluminiun  chloride: 

CHBra  CH , 

2CeH6     -        I  CeH4     I        CeH4      r     4HBr. 

CHBra  CH 

It  is  obtained  from  the  fraction  of  the  coal-tar  boiling  above  300® 

and  known  as  the  "green  oil"  (or  anthracene  oil)  by  chilling  this  and 

pressing  out  the  crude  anthracene  in  cakes  of  greenish-yellow  color. 

The  pure  hydrocarbon  forms  colorless  plates  of  white  color  with  blue 

fluorescence.     It  fuses  at  2 13°  and  boilc  r  bove  360°.     With  picric  acid  it 

forms   an   addition   compound,   crystallizing  in   beautiful   red   needles. 

It  is  difficultly  soluble  in  alcohol  and  ether,  readily  soluble  in  hot  benzene 

or   toluene.      When    oxidized   it   yields   anihraqiiinone ,   while   reducing 

CH 
agents  change  it  to  anthracenchydride,  CjjH,<pTT->C^H,,  and  on  pro- 

longed  action  to  anthracene  hexahydride,  C,,H,^,  and  ultimately  to  an- 
thracene perhydride ,  C^^Yi.,^. 

The  chief  uses  of  anthracene  are  in  the  preparation  of  alizarine  and 
similar  artificial  dye-colors. 

CO 

Anthraquinone ,  CgH^<pQ>CgH^,  is  readily  obtained  by  the  oxida- 
tion of  anthracene  by  chromic  acid  in  glacial  acetic  acid  and  by  the 
distillation  of  calcium  benzoatc: 

(CeH5.COO)2Ca  C6H4  :^q     CeH4      :       CaO     ^       HaO. 

It  forms  yellow  prisms,  soluble  in  hot  benzene  or  glacial  acetic  acid, 
fusing  at  277°,  and  boiling  at  over  360°.  By  distillation  in  contact  with 
zinc-dust  it  yields  anthracene  again.  Fused  at  high  temperatures  with 
caustic  potash  it  yields  benzoic  acid.    By  heating  with  strong  sulphuric 
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acid  it  is  made  to  yield  sulphonic  acids,  such  as  anihraquinone-monO' 

CO 

sulphonic  acid,  CjH^<pQ>CgH3(HS03),  and  anthraquinone-disulphonic 

acids,  C,^Hg(HS03)202.  These  sulphonic  acids  are  of  great  technical 
importance  as  being  steps  in  the  synthetic  formation  of  alizarine. 

Oxyanthraquinones  are  formed  when  hydrogen  of  the  anthraquinone 
formula  is  replaced  by  OH  groups.  Thus,  mono-oxyanthraquinone  is 
C,^H7(OH)02,  and  dtoxyanthraquinone  is  Cj^Hg(OH)202.  Of  this  latter 
there  are  a  nimiber  of  isomers,  of  which  the  most  important  is  alizarine. 
Trioxyanthraquinones ,  Ci^H5(OH)302,  are  also  obtained,  of  which  anthra- 
gallol  and  purpurine  are  the  most  important.  The  methods  for  the 
formation  of  these  very  important  technical  compounds  will  be  noted 
later. 

/f  Alizarine     (Ortho-dioxyanthraquinone) ,     C^H^<pQ>CgH2(OH)2,    is 

found  in  madder-root  (Rubia  tinctorum),  where  it  results  from  the 
decomposition  of  a  glucoside,  rubianic  acid  (ruberythric  acid).  It  has 
been  known  from  early  historic  times,  and  was  used  in  the  East  for 
the  cotton  and  damask  dyeing  known  as  "Turkey  red. " 

Since  1867,  when  Graebe  and  Liebermann  first  effected  its  synthesis  from  an- 
thracene, it  has  been  made  artificially  in  a  variety  of  ways.  Thus,  the  first  syn- 
thesis was  from  anthracene,  by  the  action  of  bromine  upon  the  anthraquinone, 
and  then  fusing  the  dibromanthraquinone  with  caustic  potash. 

This  first  synthesis  was  soon  superseded  by  that  involving  the  use  of  fuming 
sulphuric  acid.  The  mono-  and  disulphonic  acids  when  fused  with  caustic  alkali 
should  yield  by  theory  the  corresponding  oxyanthraquinones.  It  is  found,  how- 
ever, in  practice,  that  oxygen  is  always  absorbed  from  the  air,  and  that  the  mono- 
sulphonic  acid  when  fused  yields  a  mixture  of  mono-  and  di-oxyanthraquinones, 
ana  the  disulphonic  acid  yields  a  mixture  of  di-  and  tri-oxyanthraquinones. 
Chlorate  of  potash  is,  therefore,  added  in  practice  to  facilitate  their  partial  oxida- 
tion and  to  complete  the  change.  The  reactions  then  for  the  manufacture  of 
alizarine  are: 

C6H4<^Q  rCeHaCHSOa)      ♦       NaOH  CeH4<'^Q    CeHaCOH)       {       NaHSOs. 

CeH4<co>CeH3(OH)      i      O  CeH4<^o>CeHa(OH)a. 

Of  course  as  an  excess  of  the  fused  alkali  is  present,  the  alizarine,  as  formed,  be- 

CO 
comes     sodium    alizarate,    CeH4<pQ>CeH2(0Na)2,  which    is   soluble    in   water 

with  rich  purple  color.  From  this  solution,  on  addition  of  hydrochloric  acid,  the 
alizarine  is  precipitated  as  a  tawny-yellow  powder,  which  generally  comes  into 
commerce  in  the  moist  state  as  a  lo-per-cent.  or  20-per-cent.  paste. 

Alizarine  crystallizes  in  fine  red  prisms  or  needles,  which  melt  at 
289°,  and  can  be  sublimed.  It  is  readily  soluble  in  alcohol  and  ether, 
combines  with  a  violet  or  purple  color  with  alkalies,  and  forms  various 
colored  insoluble  compounds  or  '* lakes"  with  metallic  oxides,  the  ones 
of  chief  importance  being  those  of  aluminum  and  tin  (red),  the  iron 
(violet-black),  and  the  lime  (reddish-blue).  The  finest  color  obtained 
with  alizarine,  known  as  "Turkey  red,"  is  produced  by  mordanting 
the  materials  with  acetate  of  alumina  and  treating  them  with  a  sulpho- 
nated  castor  oil,  known  as  **  Turkey  red  oil, "  before  applying  the  alizarine. 
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By  the  reduction  of  alizarine  with  ammonia  and  zinc-dust  is  foimed 

yC(OH)^ 
desoxyalizarine,    C^H^'f  |         ^^C^HjCOH)^,    which,    under    the    name 

^CH- 

of  "  anthrarobin, "  has  been  used  in  medicine  as  a  non-poisonous  sub- 
stitute for  chrysarobin  and  chrysophanic  acid. 

Purpurine  (Trioxyanthraquinone),  C,4H5(OH)jO,. — ^This  dye  is  found 
along  with  alizarine  in  madder-root,  and  is  also  prepared  artificially. 

A  homologue  of  anthracene  is  also  found  in  coal-tar, — viz.,  Methyl- 
atUhracene,  Cj^H^CCHj).  It  is  capable  of  analogous  reactions,  yielding 
a  quinone  and  hydroxyl  derivatives  of  the  same.  The  name  of  one  of 
the  latter  is  Chrysophanic  Acid  (Dioxy-methyl-anthraquinone),  Cj^H,- 
(CH3)(OH)jO,.  It  is  found  in  certain  lichens,  in  yellow  dock  (Rutnex), 
in  senna,  and  in  rhubarb.  It  crystallizes  in  golden-yellow  prisms  or 
needles,  melting  at  102^,  and  soluble  in  alcohol,  ether,  or  benzene. 
Alkalies  also  dissolve  it,  forming  dark-red  solutions.  When  distilled 
over  zinc-dust  it  yields  methyl-anthracene. 

Chrysarobinum,  U.S.P.,  which  is  found  in  Goa  and  araroba  powder, 
has  the  formula  CaoHaeOj,  and  bears  the  same  relation  to  chrysophanic 
acid  that  anthrarobin  does  to  alizarine.    It  readily  yields  chrysophanic 
add  by  its  oxidation.     It  forms  yellow  scales  or  needles,  melting  at 
170*^-178®,  is  insoluble  in  water  and  ammonia,  soluble  in  alkalies,  with 
yellow  color  which  gradually  turns  red,  as  on  exposure  to  the  air  chry- 
sophanic acid  is  formed.    It  is  used  like  anthrarobin  for  external  applica- 
tion in  skin  diseases. 
/'/    Emodin  (Trioxy-methyl-anthraquinone) ,  Cj^HmOj,  occurs  with   chry- 
/  sophanic  acid  in  the  bark  of  wild  cherry  and  in  rhubarb-root.     When 
^     distilled   with   zinc-dust   it   also   yields  methyl-anthracene.      It   forms 
orange-red  crystals,  melting  at  245°-2  5o°. 

2.  Phenanthrene,  C,,Hj„,   is  an  isomer  of   anthracene,  and   is  also 

found  in  coal-tar.    Its  structural  formula  differs  from  that  of  anthracene, 

CH  CH 

^\  /\ 
CH  C     CH 


C,H,— CH  CH  C     C 

and  is  represented  as  |  II       or  more  fully  \  /\<^\     ,  in  which 

CgH  — CH  CH  C     CH 

I       II 
CH  CH 

\^ 
CH 
formula  is  shown  the  condensation  of  three  benzene  nuclei,  the 
middle  one  having  two  carbon  atoms  jointly  with  each  of  the  side 
nuclei.  It  crystallizes  in  colorless,  lustrous  scales,  melting  at  99*  and 
boiling  at  340°.  It  may  be  separated  from  anthracene  by  fractional 
distillation,  followed  by  repeated  crystallization  from  alcohol,  in  which 
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it  is  much  more  soluble  than  anthracene.  It  forms  a  crystalline  compound 
with  picric  acid,  crystalUzing  from  benzene  in  yellow  needles,  melting 
at  145®,  and  soluble  in  hot  alcohol  without  decomposition. 

Phenanthrenquinone,  C^^llfi^,  is  obtained  by  oxidizing  phenanthrene 
by  chromic  acid  mixture.  It  crystallizes  in  dark  orange-yellow  prisms, 
melting  at  198®.  When  ignited  with  soda-lime  it  yields  diphenyl,  (CgHJ^, 
in  almost  the  theoretical  proportions,  whereas  anthraquinone  gives 
benzene  when  similarly  treated. 

The  phenanthrene  molecule  is  contained  in  the  alkaloid  morphine, 
as  when  this  latter  is  distilled  with  zinc-dust  phenanthrene  is  obtained. 


Compounds  Containing  Nitrogen  in  the  Benzene  Nucleus. 

(Heterocyclic  Compounds.) 

By  the  replacement  of  one  triad  group,  CH,  in  the  benzene  molecule 
by  the  element  nitrogen  we  obtain  Pyridine,  C5H5N. 

By  the  replacement  of  one  triad  group,  CH,  in  the  naphthalene  molecule 
by  the  element  nitrogen  we  obtain  Quinoline,  C^H^N. 

By  the  replacement  of  one  triad  group,  CH,  in  the  anthracene  mole- 
cule by  the  element  nitrogen  we  obtain  Acridine,  C^H^N. 

The  relations  of  these  nitrogenous  bases  to  the  parent  hydrocarbons 
is  shown  clearly  by  a  comparison  of  the  graphic  formulas: 


CH 
HC     CH 
HC     CH 

CH 

Benzene. 

CH 

^\ 
HC     CH 

i      " 
HC     CH 

Pyridine. 


CHCH 


CH 


HC^Y 

HC     C     CH 

\/\/ 
CH  CH 

Naphthalene. 

CH  CH 
HC     C     CH 

HC     C     CH 

Quinoline. 


CH  CH  CH 

I! 

C     CH 

CHCH  CH 

Anthracene. 


HC     C 


^H 

I 


CH  CH  CH 


C 


H(f\ 
HC     C 

CH  N 


C     CH 
C     CH 


Acridine. 


I.  Pyridine  Bases. — Pyridine,  C^H^N,  and  several  of  its  homologues 
are  found  in  coal-tar  and  in  the  animal  oils  (Dippel's  oil)  obtained  by 
the  distillation  of  bones.  They  are  also  found  in  the  products  of  the 
distillation  of  bituminous  shales.  Except  that  they  are  strong  bases, 
they  bear  a  great  analogy  to  the  aromatic  hydrocarbons,  and  give  rise 
to  similar  derivatives.  Thus,  they  form  acids,  which  when  distilled 
with  lime  yield  the  pyridine  again  just  as  the  aromatic  acids  yield  benzene. 
This  is  seen  in  the  comparison  of  reactions: 


C6H5.COOH  =  CeHe  +  COa. 
Benzoic  Acid.         Benzene. 


C6H4NCOOH  =  CsHsN  +  COa. 

pyridine  Carboxylic      Pyridine. 
Acid. 
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Hydrogen  addition  compounds  form  here  just  as  in  the  case  of  benzene, 
and  even  more  readily: 


CsHsN         -f         He         '-=         CsHsN.He. 

^xahydro-pyrid 
(or  Pipendine.) 


Pyridine.  Hcxahydro-pyridlne 

Piperidii 


Pyridine  and  its  homologues  may  be  built  up  synthetically  by  several 

reactions,  among  which  the  simplest  is  that  whereby  the  aldehydes  of 

the  fatty  series  when  treated  with  ammonia  are  made  to  yield  these 

bases: 

4C2H4O         +         NHs         ^         CsHiiN         -f-         4H2O. 

Acetaldehyde.  Collidine 

(Trimethyl-pyridine). 

More  generally,  however,  they  are  obtained  as  decomposition  products 
from  more  complex  substances.  Thus,  both  pyridine  and  quinoline 
bases  are  the  products  of  the  distillation  of  many  alkaloids,  such  as 
quinine,  cinchonine,  and  strychnine,  with  potash,  and  the  carboxylic 
acids  of  these  bases  from  the  oxidation  of  the  same  alkaloids.  The 
relationship  of  the  alkaloids  to  pyridine  and  quinoline  will  be  referred 
to  later  under  the  individual  alkaloids. 

Because  of  the  existence  of  the  one  nitrogen  atom  in  the  benzene 
nucleus  we  may  have  three  isomeric  mono-substitution  derivatives, 
according  to  the  position  of  the  replacing  group  with  reference  to  this 
nitrogen  atom.  Where  the  same  replacing  group  enters  twice  in  place 
of  two  hydrogen  atoms  of  the  nucleus  we  may  have  six  isomeric  deriva- 
tives. 

Pyridine,  C.H.,N,  may  be  obtained  from  coal-tar  or  in  a  pure  state 
by  distilling  its  carboxylic  acid  with  lime.  It  is  also  present  in  commercial 
ammonia,  and  has  been  identified  in  tobacco-smoke.  Colorless  liquid, 
with  penetrating,  characteristic  odor,  boiling  at  1 1 5°.  Is  readily  miscible 
with  water.  By  adding  metallic  sodium  to  its  hot  alcoholic  solution 
hydrogen  is  taken  up  and  hexahydropyridine  or  piperidine  is  formed. 

It  is  very  stable  and  is  not  at  all  affected  by  nitric  acid  or  oxidizing 
agents,  and  only  by  sulphuric  acid  at  high  temperatures. 

It  is  a  strong  base,  throwing  the  hydroxides  of  aluminum,  chromium, 
and  iron  out  of  the  solutions  of  the  salts  of  these  metals.  It  has  been 
used  in  medicine  as  a  remedy  for  asthma. 

By  the  action  of  metallic  sodium  pyridine  is  polymerized,  forming 
dipyridine,  C,„H,„\\„  together  with  a  compound  analogous  to  diphenyl 
(see  p.  636),  known  as  dipyridyU  C,„H^N^,. 

Methyl- pyridines,  C.  H^  (CH^)  N . — The  three  isomeric  methyl-pyri- 
dines,  known  also  as  "  picolines,  "  are  found  in  coal-tar.  The  /^-compound 
may  also  be  prepared  from  acrolcin-ammonia,  or  from  strychnine,  bv 
distilling  with  lime.    Liquids  of  unpleasant,  penetrating  odor. 

Ethyl-  and  Propyl-pyridines  are  both  known.  The  latter,  we  shall 
see,  bears  a  close  relation  to  the  natural  alkaloid  conine.  Thus,  convrine, 
C^HjjN,  which  is  obtained  on  heating  conine  with  zinc-dust,  and  which 
yields  conine  again  when  treated  with  HI,  is  a-normal-propyl-pyridine. 
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DimethyUpyridines,  C^^{CYi^.^. — In  bone-oil  and  tar-oil  three 
isomeric  compounds  of  this  formula,  known  also  as  "lutidines,"  have 
been  found. 

Trimethyl'pyridines,  C5H2(CH3)3N. — These  compounds,  known  as  *'colli- 
dines/'  are  found  in  bone-oil  and  obtained  from  cinchonine  by  heating 
with  potash. 

Pyridine-carboxylic  Acids. — While  pyridine  itself  is  quite  stable  and 
resists  the  action  of  oxidizing  agents,  its  homologues,  like  those  of 
benzene,  are  very  readily  oxidized,  yielding  the  corresponding  carboxylic 
acids.  Three  mono-carboxylic  acids,  C^H^N.COOH,  are  known, — viz., 
a  acid — picolinic  acid^  melting  at  135°;  /^  acid — nicotinic  acid,  melting 
at  231°;  and  r  acid — isonicotinic  acid,  melting  at  309°.  These  acids 
may  be  obtained  by  the  oxidation  of  the  a-,  /9-,  and  r-picolines  respective- 
ly with  potassium  permanganate.  The  /9  acid  is  also  obtained  by  the 
oxidation  of  the  alkaloid  nicotine  by  different  oxidizing  agents.  On 
heating  with  lime  the  above  acids  yield  pyridine,  just  as  benzoic  acid 
yields  benzene  under  similar  conditions. 

Of  the  six  possible  di-carboxylic  acids,  C5H3N.(COOH)2,  all  are 
known.  The  only  ones  requiring  mention  are  quinolinic  acid,  obtained 
by  the  oxidation  of  quinoline  and  cinchomeronic  acid,  the  chief  product 
of  the  oxidation  of  quinine  by  nitric  acid,  as  well  as  from  cinchonine 
along  with  other  products.  Of  the  pyridine-tricarboxylic  acid,.  C^H^N- 
(C00H)3,  two  may  also  be  mentioned  :  hydroxycinchomeronic  acid, 
obtained  from  quinine,  quinidine,  and  cinchonidine  by  boiling  with  an 
alkaline  solution  of  potassium  permanganate,  and  berberonic  acid, 
obtained  from  berberine  when  oxidized  by  nitric  acid. 

Oxypyridines,  C5H^(0H)N,  correspond  to  the  phenols  and  give  a  yel- 
low or  red  coloration  with  ferric  chloride.  Isomeric  bodies  which  cor- 
respond to  the  ketones  may  also  be  formed  which  are  called  pyridones, 

Eucaine  B.  CuHj^O-^NH-HCl  is  the  hydrochloride  of  benzoyl-trime- 
thyl-oxy  piperidine.  It  forms  a  colorless  crystalline  powder  of  neutral 
reaction  and  is  used  as  a  local  anaesthetic  instead  of  cocaine. 

Hydrogen-addition  Products  of  Pyridine. — Just  as  benzene,  C^Hg,  is 
capable  of  taking  up  six  hydrogen  atoms  and  yielding  hexahydrobenzene, 
CgHg.Hg,  so  pyridine  may  take  up  six  hydrogen  atoms  and  yield  hexa- 
hydropyridine  or  piperidine,  C^HgN.Hg.  This  compound,  in  addition 
to  being  produced  synthetically,  as  above  mentioned,  is  obtained  by 
the  decomposition  of  the  alkaloid  piperine  of  pepper,  which,  under  the 
influence  of  alcoholic  potash,  splits  into  piperidine  and  piperic  acid. 
An  important  synthesis  of  piperidine  is  also  that  from  pentamethylene- 
diamine,  as  shown: 


,CH»— CH2— NH2         _         njj  /CHa— CH 


8- 


Pentamethylene-diamine.  =  Piperidine.  +  Ammonia. 

Piperidine  is  a  colorless  liquid,  boiling  at  106°,  easily  soluble  in  water 
and  alcohol,  and  of  a  peculiar  peppery  odor.  It  is  a  strong  base,  and 
forms  crystallized  salts. 
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Two  of  the  natural  alkaloids  may  be  mentioned  here,  as  they  are 
hydrogen-addition  derivatives  of  pyridine. 

Conine,  CgHj^N,  is  dextro-rotatory  a-normal  propyl-piperidine,  CjHjpN- 
(C3H7) .  This  is  the  poisonous  principle  of  the  hemlock  {Conium  macuia- 
tum),  and  is  found  chiefly  in  the  seeds.  Coloriess  liquid,  of  stupefying 
odor,  boiling  at  166°.  Easily  soluble  in  ether  and  alcohol,  more  difficultly 
in  water.  It  has  been  made  synthetically  by  Ladenburg  from  a-allyl- 
pyridine,  which,  reduced  by  sodium  in  alcoholic  solution,  yields  an 
optically  inactive,  normal  propyl-piperidine,  and  this  by  the  crystalliza- 
tion of  its  tartrate  is  split  into  a  dextro-rotatory  variety  (the  true 
conine)  and  a  laevo-rotatory  variety.  Hydrogen  iodide  reduces  it  at  a 
high  heat  to  normal  octane,  CgHjg,  while  nitric  acid  oxidizes  it  to 
butyric  acid. 

Piperidine,  as  well  as  conine,  can  be  methylated,  and  the  products 
are  known  as  methyl-piperidine  and  methyl-conine.  The  latter  is  also 
found  in  the  hemlock  with  conine. 

Nicotine,  Ci^Hj^Nj,  the  alkaloid  of  tobacco,  contains  a  pyridine  nucleus 
combined  with  a  modified  pyrrol  nucleus.  It  exists  in  the  tobacco  plant 
combined  with  malic  and  citric  acids.  Pure  nicotine  is  a  colorless,  oily 
liquid,  turning  brown  in  the  air;  soluble  in  water,  alcohol,  and  ether, 
of  stupefying  odor,  and  boiling  at  250°  with  decomposition.  It  is  intense- 
ly poisonous.  When  oxidized  yields  nicotinic  (y9-pyridine-carboxyHc) 
acid,  and  by  loss  of  hydrogen  dipyridyl,  (CjH^N)^. 

Tropine,  the  decomposition  product  of  the  alkaloids  atropine  and 
hyoscyamine,  is  also  a  hydrogenated  pyridine  derivative. 

Cocaine  and  Ecgonine,  its  decomposition  product,  are  similarly  deriva- 
tives of  these  hydrogenated  pyridines. 

2.  Quinoline  Bases. — By  the  dry  distillation  of  organic  substances, 
such  as  bituminous  coal  and  bones,  is  produced  a  series  of  bases  known 
by  this  name.  The  same  bases  are  also  obtained  in  the  distillation  of 
quinine  and  cinchonine  with  potash.  A  number  of  synthetic  methods 
have  also  been  found  for  their  preparation,  of  which  may  be  mentioned: 

(a)  By  heating  acrole'in-aniline  quinoline  is  formed,  just  as  the  heating 
of  acrolein-ammonia  yields  pyridine. 

(6)  By  the  oxidation  of  allylaniline  with  heated  oxide  of  lead: 

CeH6.NH(C3H6)     +     O2     --     C9H7N     -f     2H2O. 

(c)  By  heating  aniline  with  glycerol,  concentrated  sulphuric  acid, 
and  nitrobenzene.  This  method  (discovered  by  Skraup)  is  that  now 
employed  for  the  manufacture  of  quinoline.  24  parts  of  nitrobenzene, 
38  parts  of  aniline,  120  parts  of  glycerol,  and  100  parts  of  concentrated 
sulphuric  acid  are  taken  and  heated,  at  first  carefully,  and  then  for  several 
hours  with  inverted  condenser.  The  mixture  is  now  diluted  with  water, 
and  the  nitrobenzene  distilled  off.  Caustic  soda  is  then  added  to  strong 
alkaline  reaction,  and  the  quinoline  distilled  off  in  a  current  of  steam. 
In  this  reaction  the  sulphuric  acid  first  dehydrates  the  glycerol,  producing 
acrolein,  which  then  unites  with  the  aniline  to  form  the  quinoline  molecule 
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with  the  elimination  of  hydrogen.  The  nitrobenzene  furnishes  the  oxy- 
gen to  combine  with  this  hydrogen,  and  is  itself  reduced  to  aniline. 
The  reactions  may  be  stunmarized  thus: 

2C6H5.NH9     -f     C6H5.NO9     4     aCsHsOs    =     3C«H7N     +     iiHaO. 

By  using  the  homologues  of  acrolein  in  the  first  of  these  methods 
instead  of  acrolein  we  obtain  the  homologues  of  quinoline,  as  methyl- 
quinoline  (qtiinaldine) ,  dimethyl-quinoline,  etc. 

The  constitution  of  the  quinoline  molecule  has  already  been  referred 
to  and  illustrated.  That  it  contains  the  benzene  nucleus  is  shown  by 
its  syntheses  from  aniline  and  nitrobenzene;  that  it  contains  a  pyridine 
nucleus  joined  with  this  is  shown  by  the  fact  that,  when  oxidized  by 
potassiiun  permanganate,  quinoline  yields  pyridine-dicarboxylic  (cin- 
chomeronic)  acid. 

Quinolhte,  C^H^N,  is  a  pale  yellowish  liquid  with  considerable  refrac- 
tive power  and  a  characteristic  aromatic  odor.  It  boils  at  237°,  and  has 
a  specific  gravity  of  1.084.  Only  slightly  soluble  in  water,  easily  soluble 
in  alcohol,  ether,  chloroform,  and  petroleum  benzine.  It  is  darkened 
in  color  on  exposure  to  light.  It  is  a  base,  and  forms  a  series  of  crystalliz- 
able  and  deliquescent  salts.    Among  these  may  be  mentioned: 

Quinoline  Tartrate,  3C^H7N.4(C^HgOg). — This  salt  forms  white, 
rhombic  needles,  which  have  a  slight  odor  of  bitter-almond  oil,  and  taste 
sharp  and  peppermint-like.  It  is  permanent  in  air,  and  fuses  at  125°. 
It  is  moderately  soluble  in  water,  more  difficultly  soluble  in  alcohol, 
and  almost  insoluble  in  ether.  It  has  been  used  in  medicine  as  an  anti- 
septic and  antipyretic. 

Quinoline  Salicylate,  CgH^N.CyHgOj,  forms  a  whitish,  crystalline 
powder,  not  very  soluble  in  water,  easily  soluble  in  alcohol,  ether,  benzene, 
vaseline,  fats,  and  glycerin.  It  is  used  in  medicine  as  the  tartrate,  and 
in  similar  amounts. 

Homologues  of  Quinoline. — The  methyl  group  may  replace  H  in  either 
the  benzene  nucleus  or  the  pyridine  nucleus  of  the  quinoline  molecule. 
The  compounds  so  obtained  are  isomeric.  Thus,  the  compound  obtained 
by  the  replacement  of  a  hydrogen  atom  of  the  pyridine  nucleus  by 
methyl  is  known  as  quinaldine,  and  is  found  in  coal-tar.  When  oxidized 
by  chromic  acid  it  yields  quinoline-carboxylic  acid.  On  the  other  hand, 
the  compound  obtained  by  the  replacement  of  a  hydrogen  atom  of  the 
benzene  nucleus  by  methyl  is  known  as  Toluquinoline,  and  has  only 
been  obtained  synthetically.  When  oxidized  it  yields  pyridine-dicar- 
boxylic acid.    By  heating  quinaldine  with  phthalic  anhydride  and  chloride 

of  zinc  is  obtained  a  phthalein  of  the  composition  CgH^  <  qq  \  CH.C^H^N. 

It  is  known  as  '* quinoline  yellow,"  and  is  insoluble  in  water,  and 
difficultly  soluble  in  alcohol.  On  sulphonation  with  fuming  sulphuric 
acid  is  obtained  a  disulphonic  acid,  the  sodiimi  salt  of  which  is  known 
ais  "soluble  quinoline  yellow." 

Oxy-quinolines. — Those  derivatives  which  have  the  OH   group  re- 
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placing  hydrogen  of  the  benzene  nucleus  have  a  phenol-like  character, 
and  unite  with  diazo  salts  to  form  azo  dye-colors.  On  the  other  hand, 
those  oxy-quinolines  which  contain  the  OH  group  in  the  pyridine  nucleus 
are  called  carbostyriles. 

Hydrogen  Addition  Compounds. — Nascent  hydrogen  from  tin  and 
hydrochloric  acid  produces  dihydro-quinoline,  CgH^N,  melting  at  i6i°, 
and  a  liquid  tetrahydro-quinoline,  C^H„N,  boiling  at  245°.  By  the  action 
of  methyl  iodide  upon  this  latter  is  obtained  methyl'tetrahydro-quinoline, 
the  acid  sulphate  of  which  was  introduced  into  medicine  as  an  artificial 
febrifuge  under  the  name  of  *'kairoline.  *'  The  hydrochlorate  of  ethyl- 
oxytetrahydro-quinoline  was  known  as  **  kairine  A, "  and  that  of  methyl- 
oxytetrahydro-quinoline  as  *' kairine  M.'*  They  were,  perhaps,  the  first 
of  the  artificial  febrifuges,  but  are  no  longer  in  use,  being  accompanied 
by  injurious  after-effects. 

Isomeric  with  the  methyl-oxytetrahydro-quinoline,  C9H9(OH)N.CH,, 
is  the  base  tetrahydro-paraquinanisol,  CgH„,(0CH3)N,  the  sulphate  and 
tartrate  of  which  were  introduced  into  medicine  undgr  the  name  of 
"thalline,"  because  of  the  emerald-green  color  produced  in  its  solution 
by  ferric  chloride.  It  was  used  as  an  antipyretic,  antiseptic,  and 
antifermentative. 

Other  quinoline  derivatives  that  have  been  proposed  for  use  in  medi- 
cine are  **diaptherine,  **  a  compound  of  one  molecule  of  orthophenol- 
sulphonic  acid  (aseptol)  with  two  molecules  of  ortho-oxy-quinoline; 
"  analgene,  *'  ethyoxy  -  ana  -  monohenzoyl  -  amide  -  quinoline,  CgH5(OC2H5).- 
NH.COCgH^.N,  recommended  as  a  febrifuge  and  antineuralgic ;  and 
"orexine,"  the  hydrochloride  of  phenyldihydro-quinazoline,  Cj^HjjN.,.- 
HCl-f  2H^0,  which  has  been  recommended  as  a  stomachic  and  stimulant 
to   digestion. 

(Jut noli ne-carboxylic  Acids. — Among  the  mono-carboxylic  acids  of 
the  formula  CyH^^N.COOH  may  be  mentioned  quinaldinic  acid,  obtained 
by  oxidizing  quinaldine  and  cinchoninic  acid,  obtained  by  oxidizing 
cinchonine  with  potassium  permanganate  or  nitric  acid.  When  distilled 
with  lime  it  yields  quinoline. 

Kymurenic  Acid  is  an  oxy-quinoline-carboxylic  acid.  It  occurs  in 
the  urine  of  dogs.  Quininic  Acid,  C3H^(0CH.^)N.C00H,  is  the  methyl- 
phenol  ether  of  another  oxy-quinoline-carboxylic  acid.  It  is  obtained 
by  oxidizing  quinine  and  quinidine  with  chromic  acid  in  sulphuric  acid 
solution.    Quinoline-dicarboxylic  acids,  CpHr^NCCOOH)^,  are  also  known. 

3.  Acridine    and   its   Derivatives. — Acridine,  Cj^HpN,  has   already 

been  explained  and  its  relationship  to  anthracene  stated  (see  p.  647). 

It  is  found  in  coal-tar  and  in  the  crude  anthracene  extracted  therefrom. 

It  has  been  made  synthetically  from  diphenylamine,  formic  acid,  and 

zinc  chloride: 

CHO 


CeHs— NH— CeHs       -h       HCOOH       --       CeHc^  J    /CeHe       -h        H2O. 

N 
Diphenylamine  +  Formic  Acid        -=        Formyl-diphenylamine. 

This  compound  then  breaks  up  into  acridine  and  water: 
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CHO  CH 

C«JI,\I/C,H,     =     CeH«:    I  ^O.H4     +     HaO. 

Acridine. 

It  forms  colorless  needles  or  scales,  fusing  at  107^-1 1 1®.  Scarcely  soluble 
in  water,  easily  soluble  in  ether,  alcohol,  benzene,  carbon  disulphide, 
etc.  It  is  a  base,  and  dissolves  in  dilute  acid  with  a  beautiful  green 
fluorescence.  Acridine  irritates  the  skin  and  mucous  membranes,  whence 
the  name.  Among  its  derivatives  are  several  important  dye-colors, 
such  as  chrysaniline,  which  is  the  nitrate  of  diamido-phenylacridine, 
and  benzoflavine^  which  is  an  isomer  of  the  other. 

SiX-MEMBERED    CycLIC    COMPOUNDS    CONTAINING    OXYGEN 

(Heterocyclic  Compounds.) 

a.  Pyrone  (coumalin),  0\  ph— TH^^^'  ^^  ^  colorless  neutral  liquid, 

boiling  at   209°  and  having  an  odor  similar  to  caraway  seeds.     It  is 

produced  by  heating  coumalic  acid. 

.ptj— -pij 

V.  Pyrone    (pyrocomane) ,   0\pH— CH^^^*   forms   colorless  neutral 

crystals  which  melt  at  32°  The  pyrones  and  their  derivatives  on 
warming  with  NH3  are  converted  into  pyridones  (see  p.  649),  when  the 
oxygen  of  the  ring  is  replaced  by  =NH. 

The  properties  of  many  pyrones  are  peculiar  because,  although  of 
neutral  reaction,  they  form  salts  with  acids  by  addition  similar  to  am- 
monia. On  account  of  this  analogy  to  ammonium  salts,  the  compounds 
are  called  oxonium  salts  and  the  oxygen  atom  of  the  ring  is  supposed 
to  act  as  tetravalent. 

Coumanic  acid  and  coumalic  acid,  both  C5H3(COOH)02,  are  pyrone- 
carboxyl  acids. 

Chelidonic  acid,  C5H.^(COOH)^02,  is  pyrone  dicarboxyl  acid  and  occurs 
in  chelidonium  majtis. 

Meconic  acid,  C5H(OH)(COOH)202,  is  oxy-pyrone  dicarboxylic  acid 
and  occurs  in  opitun  (see  p.  666). 


CHAPTER    VIII. 

THE    ALKALOIDS    AND    PTOMAINES. 

The  term  alkaloid  has  been  applied  to  a  number  of  physiologically 
active  principles  occurring  in  the  vegetable  kingdom,  and  this  common 
occurrence  was  emphasized  more  than  any  general  chemical  character. 
It  is  true  it  was  recognized  that  they  were  nitrogenous,  and  that  they 
acted  as  derived  ammonias  in  their  method  of  forming  salts,  but  for  a 
long  time  nothing  more  definite  could  be  said  with  regard  to  their  chemi- 
cal nature.    It  is  now  recognized  that,  while  the  great  majority  of  these 
are  derivatives  of  the  basic  compounds  pyridine  and  quinoline,  just 
noticed  in  the  preceding  pages,  there  are  also  methane  derivatives  among 
them,  as  caffeii^fi-^d  theobromine,  jwBJcB^^lQgg  to  the_purin^group, 
and  tha^T'Besides  the  occurrence  of  these  important  b^ses  in^tKe^ant 
kingdom,  substances  answering  to  many  of  the  alkaloidal  tests  are  pro- 
duced in  the  decay  of  animal  tissue,  giving  rise  to  the  so-called  ** cadaveric 
alkaloids,"  or  ptomaines.     It  remains  true  of  all  these  classes,  however, 
that  we  have  to  do  with  derived  ammonias,  either  amines  or  amides, 
and  this  feature,  together  with  their  physiological  activity,  must  be  taken 
to  constitute  the  basis  of   their  claim    to  the  name   alkaloid,  whether 
synthetically  formed,  or  found  in  the  vegetable  or  animal  kingdom  only. 
The  termination  ine  has  been  made  uniform  for  them  as  expressing  their 
basic  character  and  their  derivation  from  ammonia. 

Classification  of  the  Alkaloids. — Leaving  the  animal  alkaloids  for 
subsequent  consideration,  we  find  that  the  vegetable  alkaloids  may- 
be divided  into  two  classes:  those  which  are  liquid  and  volatile,  and 
those  which  are  solid  and  non-volatile.  At  the  same  time  we  find  thai 
with  this  physical  distinction  corresponds  a  difiFerence  in  chemical 
composition, — viz.,  the  liquid  alkaloids  do  not  contain  oxygen,  while 
the  solid  alkaloids  are  oxygenated  bases.  As  the  liquid  alkaloids  are 
very  limited  in  number,  no  further  grouping  is  necessary  for  them.  For 
the  solid  alkaloids  it  will  be  found  convenient  to  group  them  in  addition 
according  to  the  order  or  family  of  plants  in  which  related  alkaloids  are 
found. 

Extraction  of  Alkaloids  from  the  Plants. — The  vegetable  alka- 
loid does  not  ordinarily  exist  in  the  plant  in  a  free  state.  It  is  most 
generally  present  as  a  salt,  often  an  acid  salt  of  some  organic  acid,  such 
as  malic  or  tannic  acid.  We  have  also  some  as  salts  of  organic  acids  pecu- 
liar to  the  particular  plant,  such  as  meconic  acid  in  opium,  quinic  acid  in 
cinchona  bark,  and  igasuric  acid  in  nux  vomica.  Inorganic  acids  arc  also 
occasionally  found  in  combination  with  the  alkaloids,  as  in  opium, 
where  the  morphine  is  combined  as  sulphate.  While  most  of  these 
naturally  occurring  alkaloidal  salts  are  soluble  in  water,  others,  such  as 
the  tannates,  are  not,  so  that  for  their  extraction  from  the  plants  dilute 
654 
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adds  are  generally  used.  At  times,  though,  the  alkaloid  is  liberated 
from  its  combination  in  aqueous  infusion  by  the  aid  of  lime  or  magnesia, 
and  then  extracted  by  ether,  chloroform,  or  alcohol.  The  extraction 
is  also  accomplished  at  times  by  alcohol  used  directly  upon  finely  powder- 
ed or  comminuted  plant,  as  most  of  the  alkaloidal  salts  are  easily  soluble 
in  it.  In  this  case  the  solvent  is  removed  by  gentle  evaporation  or 
distillation  before  proceeding  to  further  purification  of  the  alkaloid. 
'^^  Alkaloidal  Reagents. — Under  this  head  we  may  consider  the  two 
dasses, — those  which  act  as  precipiianis ,  and  those  which  give  distinct- 
ive color-tests.  Among  the  precipitants  we  note,  first,  tannic  acid. 
The  tannates  of  the  alkaloids  are  mostly  diflficultly  soluble  in  cold 
water,  so  that  the  addition  of  tannic  acid  precipitates  them  from  aqueous 
solution  of  either  free  alkaloid  or  its  salt  even  quite  dilute ;  the  precipi- 
tates are  soluble  in  excess  of  the  tannic  acid,  and  in  other  acids  and 
alcohol;  often,  indeed,  in  hot  water.  Second,  the  haloid  salts  of  mercury 
and  some  other  metals  tend  to  form  difficultly  soluble  precipitates  with 
the  alkaloids.  Thus,  corrosive  sublimate  alone,  or  potassium  iodohy- 
drargyrate  (Mayer's  reagent),  together  with  the  corresponding  double 
salts,  potassium  cadmium  iodide  (Marm^'s  reagent)  and  potassium  bis- 
muth iodide  (Dragendorff's  reagent),  all  have  the  power  of  precipitating 
in  greater  or  less  degree  the  alkaloids  in  the  form  of  a  double  salt.  In- 
deed, iodized  iodide  of  potassium  (Bouchardat's  or  Wagner's  reagent) 
will  produce  insoluble  precipitates  with  the  great  majority  of  alkaloids. 
Third,  picric  acid  (Hager's  reagent)  precipitates  a  number  of  the  alka- 
loids, such  as  the  cinchona  bases,  from  solution  of  the  salts  or  the  free 
bases.  Fourth,  phosphomolybdic  acid  (Sonnenschein's  reagent)  and 
phosphotungstic  acid  (Scheibler's  reagent)  are  available  as  precipitants 
for  the  great  majority  of  alkaloids.  Fifth,  neutral  potassium  chromate, 
as  well  as  the  bichromate,  precipitates  from  the  concentrated  aqueous 
solutions  of  their  salts  most  of  the  alkaloids  in  the  form  of  difficultly 
soluble  chromates.  From  dilute  solutions,  however,  the  neutral  chromate 
predpitates  often  the  free  alkaloid.  Sixth,  both  gold  chloride  and  platinic 
chloride  form  well-crystallized  double  salts  with  many  of  the  alkaloids, 
which  ser\^e  for  their  separation  and  purification. 

The  color- tests  with  alkaloids  are  at  times  very  strong,  but  are  not 
sufficiently  distinctive  or  exclusive  in  character  to  be  depended  upon 
for  decisive  determination  of  the  alkaloids.  They  are  easily  interfered 
with  in  most  cases  by  the  presence  of  a  third  substance,  and  can  only 
be  of  value  when  compared  with  the  same  test  applied  to  a  sample  of 
the  same  alkaloid  of  known  purity.  These  color-reactions  are  thus 
classified  by  A.  H.  Allen:*  (i)  Those  produced  by  dehydrating  agents, 
such  as  strong  sulphuric  acid,  phosphoric  oxide,  and  zinc  chloride; 
(2)  those  given  by  oxidizing  agents  not  of  themselves  yielding  colors, 
such  as  nitric  acid,  chlorine,  bromine,  and  bleaching  powder;  or  sulphuric 
add  and  oxidizing  agents,  such  as  potassium  chlorate,  perchlorate,  and 

♦Com.  Org.  Anal.,  vol.  iii.,  Part  ii.,  p.  44. 


6s6  ORGANIC  CHEMISTRY. 

permanganate;  (3)  those  given  by  oxidizing  agents  which  themselves 
yield  a  colored  product  by  reduction,  such  as  iodic  acid  and  reagents 
containing  chromic,  molybdic,  tungstic,  and  vanadic  acids;  (4)  and 
colorations  produced  by  certain  special  reagents,  such  as  ferric  chloride, 
hydrochloric  acid,  sulphuric  acid  and  sugar,  etc. 

The  most  important  and  characteristic  of  these  color-tests  will  be  given 
later  under  the  heads  of  the  individual  alkaloids. 

Detection    and    Extraction    of   the   Alkaloids    from    Mixtures. 

1.  Method  of  Stas  and  Otto. — The  first  general  process  for  the 
extraction  of  the  alkaloids  from  various  complicated  mixtures  in  which 
they  may  occur  was  that  of  Stas  as  modified  by  Otto  in  1856.  The 
material  supposed  to  contain  the  alkaloids  is  extracted  by  alcohol  with 
the  addition  of  tartaric  acid,  and  the  residue  obtained  by  the  careful 
evaporation  of  this  liquor  is  shaken  with  ether.  The  portion  insoluble 
in  ether  is  now  made  alkaline  and  again  shaken  with  ether.  The  alkaline 
solution  containing  soda  is  then  treated  with  ammonium  chloride,  and 
shaken  with  amyl  alcohol.  The  solution  containing  ammonium  chloride 
is  evaporated  and  extracted  with  strong  alcohol,  This  method  of  Stas 
and  Otto  was  next  modified  by  Rodgers  and  Girdwood,  who  employed 
chloroform  instead  of  ether,  and  by  Uslar  and  Erdmann,  who  recom- 
mended the  use  of  amyl  alcohol. 

2.  Method  of  DragendorfT. — This  method  is  the  most  compre- 
hensive one  as  yet  proposed,  and  is  in  most  general  use.  It  is  given  in 
outline:  The  material  to  be  investigated  is  extracted  with  dilute  sul- 
phuric acid.  The  extract  which  contains  the  alkaloids  as  sulphate  is 
evaporated  and  precipitated  with  alcohol.  It  is  then  filtered  and  the 
alcoholic  filtrate  evaporated.  The  acid  solution  is  then  extracted  in 
succession  with  petroleum  ether,  benzene,  and  chloroform.  The  portion 
undissolved  is  made  alkaline  with  ammonia  and  then  extracted  in  suc- 
cession with  petroleum  ether,  benzene,  chloroform,  and  amyl  alcohol. 
Seven  extractions  are  thus  made,  which  mav  be  tabulated  as  follows: 

I.  Extractions  from  acid  solutions: 

(a)  With  petroleum  ether:  piperine,  and,  in  addition,  carbolic, 
salicylic,  and  picric  acids. 

(6)  With  benzene:  cantharidin  and  digitalin,  berberine  and  col- 
chicine. 

(t)  With  chloroform:  narcotinc,  picrotoxin,  and  digitalein. 

II.  Extractions  from  alkaline  solutions: 

(a)  W^ith    petroleum    ether:  nicotine,    coninc,    quinine,    and    some 

strychnine. 
(^)  With  benzene:  quinine,  atropine,  cocaine,  strychnine,  brucine, 

veratrinc,  and  thebaine. 
(r)  With  chloroform:  a  little  morphine,  papaverine. 
(d)  With  amyl  alcohol:  morphine,  solanine,  narceine. 

3.  Sonnenschein's  Method. — In  this  method  the  material  is  acidified 
with  dilute  hydrochloric  acid,  and  then  phosphomolybdic  acid  is  added, 
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which  precipitates  all  the  alkaloids.  The  precipitate  is  warmed  with 
baryta  water,  when  the  volatile  alkaloids  may  be  distilled  off.  The 
solution,  after  filtering  off  the  barium  precipitates,  is  freed  from  barium 
by  addition  of  carbon  dioxide,  and  the  aqueous  solution  is  then  in- 
vestigated by  the  methods  of  either  Stas-Otto  or  Dragendorff.  The 
objection  to  this  method  is  that  the  treatment  with  barium  hydrate 
may   cause  decomposition  in  some  of  the   active   principles   present. 

4.  Method  of  Brieger. — This  is  chiefly  for  the  separation  of  the 
ptomaines  if  present  in  a  suspected  mixture.  The  solution  is  treated 
with  hydrochloric  acid  to  convert  the  bases  into  chlorides,  and  then, 
after  a  preliminary  clarifying  of  the  solution,  if  necessary,  with  lead 
acetate,  the  ptomaines  are  precipitated  with  mercuric  chloride  solution. 
Most  of  these  bases  are  thus  thrown  out  (tetanine  is  an  exception),  and, 
after  suspending  the  mixture  in  water  and  freeing  it  from  mercury  by 
hydrogen  sulphide,  the  ptomaines  arc  obtained  in  the  form  of  double  salts 
with  gold  and  platinic  chlorides,  and  tested  by  experiments  upon  animals. 

The  special  description  of  the  more  important  alkaloids  can  now  be 
taken  up  on  the  basis  of  the  simple  classification  before  made. 

Volatile  Alkaloids. 

As  the  simplest  of  the  naturally  occurring  alkaloids  may  be  mentioned 
methylamine  and  trimethylamine ,  both  of  which  are  found  at  times  in 
the  vegetable  kingdom,  as  well  as  in  the  products  of  decomposition 
of  animal  tissues.  They  have  already  been  noted  and  their  varied  oc- 
currence detailed  (see  p.  556). 

Piperidine,  C,H,N.Hg,  has  been  found  naturally  occurring  in  pepper 
as  a  decomposition-product  of  piperine.  It  has  already  been  described 
under  the  name  of  hexahydropyridine  (sec  p.  649). 

Conine^  C^Hj^N  [or  C^H,y(C3H,)i\]. — This  has  also  been  referred  to  as 
«-normal-propyl-piperidine,  or  rather  the  dextro-rotatory  variety  of 
the  same,  having  been  made  synthetically  by  Ladenburg. 

Conine  is  the  poisonous  alkaloid  of  the  hemlock  {Coniiim  maculatiim) 
and  is  an  oily  liquid  of  a  peculiar  repulsive  odor.  It  is  colorless  when 
freshly  prepared,  but  becomes  yellow  and  ultimately  resinoid  on  kee])ing. 
It  is  soluble  in  about  90  parts  of  water,  and  is  readily  dissolved  by  aicc^hol, 
acetone,  amylic  alcohol,  ether,  chloroform,  petroleum  el  her.  and  benzene. 
It  is  a  strong  base  and  neutralizes  acids  perfectly.  By  the  treatment 
of  conine  with  chromic-acid  mixture,  nonnal  butyric  acid  is  produced. 
The  reaction  may  be  employed  as  a  test  for  conine.  as  butyric  acid  is 
readily  recognized  by  its  odor. 

Associated  with  conine  in  the  conium  are  the  followini^^  less  important 
bases:  Conhydrine,  C^H,-NO;  pscudo-conhydrinc,  isomeric  with  the 
former;  fnethylconine,  C^HiyN,  and  coniceinc  C^H,.N  (the  latter  being 
tetrahydropropyl'pyridine) . 

Conine  is  an  extremely  powerful  paralytic  poison,  which  acts  (.n  the 

motor  nerves;  one  drop  is  a  distinctly  poisonous  dose,  while  ten  drops 

may  be  fatal. 
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Nicotine,  CiqHj^Nj. — ^This  alkaloid  has  been  referred  to  and  stated 
to  be  hexa-hydro-dipyridyl.  It  is  the  poisonous  principle  of  tobacco, 
in  which  it  exists  combined  with  malic  and  citric  acids  in  amounts 
ranging  from  about  i  per  cent,  to  7  per  cent,  of  the  dry  leaf.  The  nico- 
tine is  a  colorless,  oily  liquid  of  sp.  gr.  i.oii  at  15°,  which  on  prolonged 
exposure  to  air  becomes  yellow  and  ultimately  resinous.  It  has  a  strong 
and  unpleasant  odor,  recalling  that  of  tobacco,  a  sharp,  caustic  taste, 
and  is  intensely  poisonous.  It  is  soluble  in  water  and  alcohol,  but  is 
extracted  from  its  aqueous,  alkaline  solutions  by  agitation  with  ether, 
chloroform,  benzene,  amyl  alcohol,  or  petroletun  naphtha.  Nicotine  is 
precipitated  by  Mayer's  reagent  from  very  dilute  solutions.  On  adding 
mercuric  chloride  to  a  solution  of  nicotine,  a  white,  crystalline  precipi- 
tate is  produced,  soluble  in  dilute  hydrochloric  or  acetic  acid.  This 
is  the  most  characteristic  reaction  of  nicotine.  From  conine,  nicotine 
is  distinguished  by  its  odor,  by  being  heavier  instead  of  lighter  than 
water,  and  by  its  reactions  with  mercuric  chloride,  platinic  chloride 
(yellowish-crystalline  precipitate),  and  picric  acid  (yellow,  amorphous 
precipitate  turning  crystalline).  The  poisonous  effects  of  tobacco  when 
taken  into  the  stomach,  it  is  agreed,  are  entirely  due  to  the  nicotine. 
When  tobacco  is  smoked,  the  greater  part  of  the  nicotine  is  converted 
into  pyridine  and  other  decomposition-products;  some,  however,  escapes 
decomposition,  as  Melsens  has  proved  the  presence  of  unchanged  nico- 
tine in  tobacco  smoke  in  a  proportion  equal  to  about  one-seventh  of  that 
present  in  the  original  tobacco.  Vohl  and  Eulenberg  have  concluded 
from  their  experiments  that  the  intense  action  of  tobacco  smoke  on 
the  nervous  system  is  not  due  to  nicotine  at  all,  but  to  the  presence 
of  the  bases  of  the  pyridine  series. 

Piturtne,  Ci2HieN2. — The  volatile  alkaloid  of  pituri  (the  dried  leaves  of  Dubaisia 
Hopwoodii,  a  shrub  growing  in  Australia)  was  regarded  by  Petit  as  identical  with 
nicotine,  but  its  individual  character  was  established  by  Liversidge.  In  chemical 
characters  and  physiological  effects  it  bears  a  close  resemblance  to  nicotine,  but 
can  be  distinguished  by  gently  warming  it  with  hydrochloric  acid.  Nicotine  so 
heated  turns  violet,  while  piturine  does  not  change  at  all. 

Lobeline  is  the  active  principle  of  Lobelia  infiata,  or  Indian  tobacco,  Paschkis 
and  Smita  obtained  the  alkaloid  as  a  viscous  oil  with  an  odor  at  once  resembling 
honey  and  tobacco. 

Sparteine,  Ci6H2eN2,  is  obtained  from  the  coarsely-powdered  leaves  and  branches 
of  broom  {Spartiunt  scoparium).  It  is  a  colorless,  oily  liquid,  boiling  at  287^ 
When  oxidized  with  potassium  permanganate  it  yields  a  volatile  acid,  together 
with  a  non-volatile,  pyridine-carboxylic  acid,  which  distilled  w-ith  lime  yields 
pyridine.  Its  sulphate,  Ci6H2eN2.H2S04  ^  5H2O  (Sparteinae  Sulphas,  U.S. P.) 
forms  a  colorless  crystalline  powder  soluble  in  water  and  alcohol,  insoluble  in  ether 
and  chloroform. 

Spigeline  is  the  active  principle  of  Spigelia  Marylaftdica,  or  "pink-root."  It 
was  obtained  as  a  volatile  alkaloid  on  distilling  the  root  with  milk  of  lime. 

Non-Volatile  Alkaloids. 

I.  The  Belladonna  Alkaloid  Group. — A  series  of  natural  alka- 
loids exists  in  the  plants  of  the  family  SolanacecB,  and  have  been  named 
atropine  and  belladonine,  from  the  Atropa  belladonna,  hyoscy amine 
3,nd  hyoscine,  from  Hyoscyamus  niger  and  scopolamine  from  Scopola 
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Carniolica.  These  alkaloids  all  contain  a  methylated-pyrrol  ring  in 
combination  with  a  piperidine  ring,  which  general  structure  is  also  true 
of  the  coca  alkaloids  ecgonine  and  cocaine.  All  of  solanaceae  bases 
are  distinguished  by  a  remarkable  power  of  dilating  the  pupil,  and  hence 
are  often  termed  the  ** mydriatic  alkaloids."  The  two  bases,  atropine, 
and  hyoscyamine,  are  isomeric,  and  hyoscyaniine,  it  is  found,  is  con- 
verted into  atropine  by  prolonged  heating  above  its  fusing  point  or  by 
the  action  of  alkalies.  Hyoscine  and  scopolamine  are  chemically  iden- 
tical, although  from  different  sources. 

Atropine  (Daturine),  Cj^H^aNOa  (Atropina,  U.S.P.),  belongs  to  the 
class  of  tropeines,  or  compounds  of  the  base  tropine,  CgHj^NO.  When 
the  natural  alkaloid  is  heated  with  hydrochloric  acid  or  baryta  water, 
it  is  decomposed  (saponified)  according  to  the  reaction: 

C17H28NO3         -h         H2O         -s         CsHwNO         -f  CbHioOs. 

Atropine.  Tropine.  Tropic  Acid. 

The  preferable  method  of  effecting  the  saponification  of  these  alka- 
loids  is  to  heat  the  alkaloid  with  saturated  baryta  water  to  60°  or  80® 
for  a  few  hours.  When  the  hydrolysis  is  effected  by  an  acid,  especially 
concentrated  hydrochloric  acid,  the  tropic  acid  loses  the  elements  of 
water,  and  atropic  acid,  C^H^Og,  results.  On  the  other  hand,  the  tropic 
acid  and  tropine  resulting  from  the  hydrolysis  of  either  atropine  or 
hyoscyamine,  when  heated  together  at  100°  with  dilute  hydrochloric 
acid,  regenerate  atropine. 

Pure  atropine  forms  white,  rhombic  crystals,  without  odor,  having 
a  bitter,  acrid  taste.  It  melts  when  pure  at  115.8°,  but  the  commer- 
cial article  containing  hyoscyamine  melts  at  a  lower  temperature.  It 
is  difficultly  soluble  in  cold  water,  easily  soluble  in  alcohol,  ether,  and 
chloroform.  It  is  optically  inactive,  although  a  dextro-rotatory  and  a 
laevo-rotatory  variety  can  be  obtained  synthetically.  It  is  a  powerful 
poison,  producing  delirium  and  convulsions. 

Of  its  salts  the  sulphate  is  the  most  important  (Atropinae  Sulphas, 
U.S. P.),  but  the  borate  and  valerate  are  also  used  in  ophthalmic  surgery. 

Hyoscyamine  (Duboisine),  C,-H23N03,  occurs  with  atropine  in  Al- 
tropa  belladonna,  and  with  hyoscine  in  the  several  species  of  Hyoscya- 
mus.  It  is  isomeric  with  atropine,  and  is  readily  converted  into  it. 
Ladenburg  holds  that  the  inactive  atropine  stands  to  the  active  hyos- 
cyamine in  the  same  relation  as  racemic  acid  stands  to  laevo-tartaric 
acid.  It  forms  slender,  colorless  needles,  melting  at  108.5°.  ^^  shows 
an  optical  rotation  of  — 29°.  When  decomposed  by  baryta  water  it 
yields  the  same  products  as  atropine. 

Of  its  salts  the  hydrobromide  (Hyoscyaminae  Hydrobromidum, 
U.S.P.)  and  sulphate  (Hyoscyaminae  Sulphas,  U.S. P.)  are  official. 

Hyoscine,  Ci^HjiNO^,  is  an  amorphous  base  occurring  with  hyoscy- 
amine in  henbane.  It  is  more  rapid  and  powerful  in  its  mydriatic 
effects  than  either  atropine  or  hyoscyamine.  Of  its  salts  one  only  is 
official  (Hyoscinae  Hydrobromidum,  U.S.P.) . 
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Scopolamine,  CjyHgjNO^,  from  Scopola  Carniolica,  is,  as  before  stated, 
identical  with  hyoscine.  When  boiled  with  bases,  it  splits  up  into 
atropic  acid,  C^HgO^,  and  scopoline  (oxytropine)  CgHjjNOa.  Its  hydro- 
bromide  (Scopolaminae  Hydrobromidum,  U.S. P.)  is  official. 

Artificial  Tropeines. — When  tropine,  CgHj^NO,  is  treated  with  cer- 
tain acid  chlorides,  like  benzoyl  chloride,  or  evaporated  to  dryness  with 
the  acids  referred  to,  together  with  dilute  hydrochloric  acid,  we  have 
formed  esters  of  the  base  tropine  with  the  several  acid  radicals.  Thus,  we 
have  formed  henzoyUtropeiyie y  saHcyl-tro peine,  and,  with  mandelic  acid 
(see  p.  633),  homatropine,  C,^H^,,NO^.  The  last-mentioned  artificial 
alkaloid  has  the  formula  of  a  lower  homologue  of  atropine,  and  has  the 
same  mydriatic  action,  which,  however,  is  shorter  in  its  duration.  The 
homatropine  crystallizes  from  absolute  ether  in  prisms,  which  melt  at 
98°,  and  are  very  deliquescent.  Its  hydrobromidc  is  official  as  Homa- 
tropinae  Hydrobromidum,  U.S. P. 

2.  The  Coca  Alkaloids. — The  leaves  of  Erythroxylon  coca  and  related 
species  contain  a  niunber  of  alkaloids,  all  of  which  appear  to  be  deriva- 
tives of  ecgonine,  CgHjsNOg.  This  base  is  a  carboxylic  acid  of  tropine, 
CgHj^NO.  When  heated  with  baryta,  it  splits  into  carbon  dioxide  and 
isotropine.  The  coca  leaves  contain  some  9  bases,  of  which  the  one 
medicinally  important  is  cocaine  (benzoyl-ecgonine  methyl  ester),  Cj^Hj,- 
NO^.  Cocaine  may  be  extracted  from  the  plant,  but  as  separation  from 
the  accompanying  alkaloids  and  products  of  hydrolysis  is  difficult, 
Liebermann  has  proposed  a  synthetic  method  which  avoids  these  diffi- 
culties and  at  the  same  time  utilizes  the  amorphous  by-products.  The 
mixed  bases  arc  boiled  with  hydrochloric  acid,  whereby  they  all  suffer 
hydrolysis  with  formation  of  ccgoninc ;  then  by  passing  dry  hydrochloric 
acid  into  a  solution  of  ecgonine  hydrochloride  in  methyl  alcohol,  the 
hydrochloride  of  ecgonine  methyl-ester  is  formed,  which,  on  concen- 
trating the  alcoholic  solution,  crystallizes  out  in  prisms.  Cocaine  is 
formed  when  this  compound  is  heated  on  the  water-bath  with  an  equal 
weight  of  benzoyl  chloride  until  the  mixture  becomes  homogeneous  and 
the  evolution  of  hydrochloric  acid  ceases.  The  melted  mass  is  poured 
into  water  and  separated  from  the  insoluble  benzoic  acid,  when  the 
cocaine  is  precipitated  by  ammonia  and  recrystallized  from  alcohol. 
The  artificial  alkaloid  possesses  all  the  properties  of  the  natural 
cocaine. 

Cocaine  (Cocaina,  U.S. P.)  crystallizes  from  alcohol  in  colorless. 
monoclinic  prisms,  melting  at  98°.  It  is  very  slightly  soluble  in  water, 
but  readily  soluble  in  alcohol,  ether,  chloroform,  benzene,  petroleum 
spirit,  and  carbon  disulphidc.  Cocaine  is  laevo-rotatory.  Its  chief  use 
in  medicine  is  as  a  local  anccsthetic. 

Cocaine  Hydrochloride,  C,-H^,,NOj.HCl  (Cocainae  Hydrochloridum, 
U.S. P.). — It  forms  colorless,  transparent  crystals  of  a  saline  taste  and 
producing  upon  the  tongue  a  tingling  sensation  followed  by  a  numbness 
of  some  minutes'  duration.  It  is  readily  soluble  in  water  and  alcohol, 
difficultly  soluble  in  ether.     At  189.9°  i^  melts  with  partial  sublimation. 
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3.  The  Cinchona  Alkaloids. — The  barks  of  the  Cinchona  Calisaya, 
Cinchona  officinalis,  and  of  hybrids  of  these,  are,  according,'  to  the  U.  S. 
Pharmacopoeia,  the  sources  of  quinine  and  its  associated  alkaloids,  con- 
taining not  less  than  5  per  cent,  of  total  alkaloids,  of  which  2.5  per  cent. 
is  quinine.  The  maximum  percentage  of  quinine  seems  to  have  been 
reached  in  the  Cinchona  Ledgeriana,  grown  in  Java  in  1876,  which  yield- 
ed 13.25  per  cent,  of  quinine.  These  barks  contain  some  32  natural 
alkaloids,  and  in  the  processes  of  extraction  and  purification  some  8  addi- 
tional bases  are  formed  by  alteration  of  the  naturally  occurring  ones. 

The  list  of  naturally  occurring  cinchona  alkaloids,  as  given  by  A.  U.  Allen,  on 
the  authority  of  Paul  and  Cownley,  is  as  follows: 

I.  Cinchonine  class:  III.  QuinUu:  class  : 

Paricine,  CieHisNaO.  Hydroquinine,  C2oH2eX202. 

Cinchotine,  C19H94N8O.  Hydroquinidine, 

Cinchonamine,  "  Quinine,  C20H 24X202. 

Hydrocinchonine,      "  Quinidine, 

Hydrocinchonidine,  "  Quinicine, 
Cinchonine,  CigHaaNaCl.                           IV.  Cnsconinc  class  : 

Cinchonidine,  "  C'hairaniine.  C2aH2eN204. 

Homocinchonidine,"  Conchairaniine, 

Cinchonicine,  "  Chairainidine, 

Paytine,  CaiHaiXaO  Conchairamidine, 

Paytamine,       *'  Concusconine, 

II.  Qiiinamine  class:  Aricine,  C23II28X2O4. 

Quinamine,  CisHatNsOa.  Cusconine,  C23H2eX204. 

Conquinamine,         "  Cusconidine, 

Javanine, .  Cuscamine, . 


Cupreine,  CiaHaaNsOs.  Cuscamidine, . 

V.  Anhydro-bascs: 

Dicinchonicine.  ('38H44NV)2. 
I)i<|uinicine,  ('4oH4eN4<  )3. 

Of  all  this  list,  however,  four  stand  out  as  more  important,  of  which 
three  are  represented  among  official  compounds.  These  four  are  quinine 
and  quinidine^  which  are  isomers  with  the  formula  C3,H^,,N\.().,  and 
cinchonine  and  cinchonidine,  isomers  with  the  formula,  C,„II^,.,N\,(). 

These  alkaloids  are  derivatives  of  a  quinoline  and  a  complicated 
piperidine  ring,  as  is  shown  by  an  examination  of  certain  oi  their  oxida- 
tion products  which  prove  to  be  carboxylic  acids  of  quinoline  (see  [).  052 ). 

In  the  free  state  these  alkaloids  are  colorless  or  slii^htly  yellowish 
solids,  fusible  but  not  volatile  without  (lecom]^osition.  They  ari-  generally 
but  slightly  soluble  in  water,  but  more  readily  soluble  in  aUv)]iol.  and 
generally  quite  soluble  in  ether  and  chlorofonn.  When  soluble  in  these 
last  two  liquids,  they  may  be  removed  from  their  ammoniacal  solutions 
by  agitation  with  ether  or  chloroform,  but  these  solvents  will  not  re- 
move them  from  an  aqueous  solution  acidified' with  sul])huric  or  hvdro- 
chloric  acid.  The  anhydrous  sulphates  wf  several  of  the  cinchona  alkaloids, 
however,  are  soluble  in  chloroform,  and  still  more  readilv  in  a  mixture  of 
chloroform  and  absolute  alcohol.     Solutions  of  some  of  the  cinchona 
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alkaloids  in  excess  of  dilute  sulphuric  acid  exhibit  a  strong  blue  fluores- 
cence which  is  visible  even  in  very  dilute  liquids.  This  fluorescence  is 
destroyed  by  adding  an  excess  of  chloride  of  sodium  or  other  haloid 
salt. 

The  solutions  of  the  cinchona  alkaloids  all  show  optical  activity,  quinine 
and  cinchonidine  being  laevo-rotatory  and  cinchonine  and  quinidine 
being  dextro-rotatory. 

The  sulphates  of  several  of  the  cinchona  bases  possess  the  property 
of  combining  with  iodine,  forming  "iodosulphates."  Some  of  these,  as 
herapathite  (quinine  iodosulphate) ,  have  the  power  of  polarizing  light 
like  tourmaline  (see  p.  86). 

Certain  of  the  cinchona  bases  give  a  deep-green  coloration  when  their 
solutions  are  treated  with  chlorine  or  bromine  water  and  ammonia  is 
subsequently  added,  a  reaction  known  as  the  *'thalleioquin  test." 

Quinine,  C20H24N2O2  +  3H2O  (Quinina,  U.S. P.),  is  the  most  im- 
portant of  these  bases,  and  apparently  possesses  the  most  powerfully 
febrifuge  properties.  The  free  base  may  be  obtained  either  anhydrous, 
as  a  white,  flaky,  amorphous  powder,  melting  at  174.9°,  and  readily  be- 
coming resinous,  or  as  a  crystalline  powder  containing  3  molecules  of 
water  of  crystallization.  It  then  melts  at  57°  and  loses  its  water  grad- 
ually, the  last  disappearing  at  1 2  5°.  It  is  odorless  and  has  an  intensely  bit- 
ter taste.  It  is  very  sparingly  soluble  in  water,  readily  soluble  in  alcohol 
and  anhydrous  ether,  in  chloroform,  benzene,  petroletmi  naphtha,  and 
carbon  disulphide,  the  anhydrous  base  being  in  all  cases  more  readily  sol- 
uble than  the  hydrate.  The  reactions  for  quinine  which  are  more  distinc- 
tive are:  First,  the  strong  blue  fluorescence  which  its  solutions  in  dilute 
sulphuric  acid  exhibit;  even  the  salts  with  haloid  acids  show  this  when 
an  excess  of  dilute  sulphuric  acid  is  added.  Quinidine  will  also  show 
this  fluorescence,  but  neither  cinchonine  and  its  isomers  nor  cupreine 
show  it.  Second,  a  solution  of  quinine,  as  nearly  neutral  as  possible,  is 
treated  with  either  chlorine  or  bromine,  and  then  with  excess  of  ammonia, 
when  a  green  substance  called  "thalleioquin"  is  produced.  In  con- 
centrated solutions  a  precipitate  is  formed,  and  in  dilute  ones  a  deep- 
green  coloration  only.  The  thalleioquin  reaction  is  also  given  by  quini- 
dine and  cupreine,  but  not  by  cinchonine  and  its  isomers.  It  is  pre- 
vented by  morphine.  Third,  on  adding  tincture  of  iodine  to  a  solution  of 
acid  sulphate  of  quinine  in  dilute  alcohol,  a  compound  is  produced 
known  as  Herapathite,  of  the  composition  4C2,)H24N202,3H2S04,2HI,- 
I^  -]-  3H2O.  This  body,  also  called  "iodo-sulphate  of  quinine,"  is  the 
type  of  a  series  of  similar  compounds  formed  by  the  action  of  iodine  on 
the  sulphates  of  the  cinchona  bases.  It  is  only  slightly  soluble  in  water 
or  dilute  alcohol,  but  is  soluble  in  boiling  alcohol  of  92  per  cent.,  and  is 
deposited  on  cooling  in  tabular  crystals  which  are  dichroic,  and,  as  before 
stated,  when  in  thin  sections  have  the  power  of  polarizing  light. 
Herapathite  is  reconverted  into  quinine  sulphate  by  treatment  with 
sulphurous  acid,  thiosulphates,  hydrogen  sulphide,  and  other  re- 
ducing agents.     As  the  iodosulphate  of  quinine  is  much   less  soluble 
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than  the  corresponding  compounds  of  the  other  cinchona  bases*,  it 
has  been  proposed  by  de  Vrij  as  a  basis  for  the  determination  of 
quinine. 

While  the  complete  synthesis  of  quinine  has  not  as  yet  been  effected, 
it  has  been  made  from  the  accompanying  alkaloid  cupreine  of  the  Cin- 
chona cuprea.  When  cupreine  in  methyl  alcohol  solution  is  treated 
with  metallic  sodium  and  methyl  chloride  in  a  sealed  tube  under  pressure, 
the  following  reaction  takes  place  : 

Ci9H23NaO.ONa     +     CHsCl     -=     NaCl     +     CwHgiNgO.OCHs. 

Cupreine-sodium.  Quinine. 

The  salts  of  quinine  that  are  official  at  present  are  the  sulphate,  the 
bisulphate,  the  hydrobromide,  the  hydrochloride  and  the  salicylate. 
With  reference  to  the  first  named  two  it  is  necessary  to  note  that  the 
cinchona  bases  form  two  classes  of  sulphates, — viz.,  neutral  sulphates, 
with  the  general  formula  RjHjSO^,  and  acid  or  bisulphates,  with  the  for- 
mula RH2SO4.  The  former  of  these  have  a  neutral  reaction  to  litmus 
and  methyl  orange,  and  are  in  general  sparingly  soluble  in  water,  while 
the  second  class  are  generally  readily  soluble. 

Quinine  Sulphate,  (C2„H2,N202)2H2S04.7H20)  (Quininae  Sulphas, 
U.S. P.). — This,  the  staple  salt  of  quinine,  is  generally  made  on  a 
large  scale  direct  from  the  cinchona  barks. 

The  official  sulphate  forms  loose,  white,  needle-like  crystals  of  a  some- 
what silky  lustre,  which,  however,  is  easily  impaired  by  its  tendency  to 
lose  water  of  crystallization  and  effloresce  superficially.  It  is  odorless, 
but  of  a  persistent,  very  bitter  taste. 

Quinine  Acid  Sulphate,  C3,,H24N202,H2S04.7H20  (Quininae  Bisulphas, 
U.S. P.),  is  readily  formed  by  dissolving  qtiinine  sulphate  in  the  cal- 
culated amount  of  dilute  sulphuric  acid.  It  forms  colorless,  trans- 
parent, rhombic  crystals  of  a  bitter  taste.  It  is  soluble  in  8.5  parts  of 
water,  forming  a  solution  which  fluoresces  strongly  blue  and  shows  acid 
reaction.  It  loses  its  water  of  crystallization  at  100°  C,  and  at  160°  it 
melts  with  decomposition. 

Quinine  Hydrobromide,  C2(jH24N202,HBr.H20  (Quininae  Hydrobrom- 
idum,  U.S. P.),  forms  light,  white,  silky  needles,  odorless,  but  with  very 
bitter  taste.  It  is  soluble  in  40  parts  of  water  at  25°.  The  salt  is  neutral 
or  faintly  alkaline.  The  aqueous  solution  when  acidulated  with  stil- 
phuric  acid  shows  a  fine  blue  fluorescence. 

Quinine  Hydrochloride,  C2yH24N202,HC1.2H20  (Quininae  Hydrochlo- 
ridum,  U.S.P.),  forms  white,  silky,  asbestos-like  crystals  which  become 
anhydrous  at  120°.  It  is  soluble  in  18  parts  of  water  at  25°  and  in  0.6 
parts  of  alcohol.  The  dilute,  aqueous  solution  shows  some  little  fluores- 
cence, which  becomes  stronger  on  adding  dilute  sulphuric  acid. 

*The  solubilities  of  the  iodosulphates  of  the  principal  cinchona  alkaloids  in  acidu- 
lated alcohol  at  i^^  are  as  follows:  Quinine  herapathite,  i  in  255  parts;  cin- 
chonidine  herapathite,  i  in  9a  parts;  quinidine  herapathite,  i  in  61  parts;  cinchon- 
ine,  I  in  42  parts. 
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Quinine  Salicylate,  2C^}i2^lifi^.CJllfi^  +  HjO  (Quininae  Salicylas, 
U.S. P.),  forms  colorless  needles  permanent  in  the  air,  assuming  a  pink 
color  on  keeping.  It  is  soluble  in  77  parts  of  water  and  11  parts  of 
alcohol  at  25°. 

Ferri  at  Quininae  Citras,  U.S. P.,  and  Ferri  et  Quininae  Citras 
Solubilis,  U.S. P.,  are  official  scale  preparations.  Several  of  the  esters 
of  quinine  have  also  been  introduced  lately  into  medicine.  The  neutral 
carbonate  of  quinine  as  "aristochin,"  the  ethyl  carbonic  ester  as  "euch- 
inin,"  and  the  salicylate  as  "saloquinine." 

Quinidine  (Conquinine) ,  C^K^^Nfi^y  is  an  isomer  of  quinine,  and 
occurs  frequently  in  cinchona  barks.  It  is  present  to  a  considerable 
extent  in  commercial  *'quinoidine'*  (chinoidine) .  The  free  base  crystal- 
lizes from  alcohol  in  large,  monoclinic,  efflorescing  needles,  containing 
2i  molecules  of  water.  It  gives  the  thalleioquin  reaction  like  quinine 
and  shows  a  blue  fluorescence  in  dilute  sulphuric-acid  solution,  but  is 
dextro-rotatory  and  is  sparingly  soluble  in  ether,  two  points  of 
difference. 

Quinidine  Sulphate  (C2yH2^N202)2H2S0^.2H20,  crystallizes  in  white, 
silky  needles  or  prisms,  which  require  100  parts  of  water  or  8  parts  of 
alcohol  for  solution.  This  salt  differs  from  the  sulphates  of  the  other 
cinchona  alkaloids  in  requiring  a  temperature  of  1 20°  to  render  it  anhy- 
drous, and  in  readily  taking  up  the  water  again  in  moist  air. 

Cinchonine,  C,9H22N20. — This  base  is  invariably  present  in  cinchona 
barks.  When  the  bases  are  crystallized  from  alcohol,  the  cinchonine, 
being  the  least  soluble,  deposits  first.  It  crystallizes  in  anhydrous, 
shining  prisms,  or  needles,  which  melt  at  255°.  It  is  almost  insoluble 
in  cold  water,  requiring  3760  parts  at  15°  and  3500  parts  at  a  boiling  tem- 
perature, and  is  difficultly  soluble  in  alcohol  and  ether,  the  best  solvent 
being  amyl  alcohol  or  a  mixture  of  amyl  alcohol  and  chloroform.  It 
does  not  give  the  thalleioquin  reaction,  its  dilute  sulphuric  acid  solutions 
do  not  fluoresce  blue,  and  it  is  dextro-rotatory,  which  characters,  to- 
gether with  its  difficult  solubility  in  ether,  distinguish  it  from  quinine. 
When  heated  to  a  high  temperature  with  an  alkali,  cinchonine  yields 
quinoline,  CyH.N,  together  with  other  products. 

Cinchonine  Sulphate  {C^,j}i.y.J>^X>)2^2^^4'^^2^  (Cinchoninae  Sulphas, 
U.S. P.),  fonns  short,  hard,  and  shining,  monoclinic  prisms.  Soluble 
in  58  parts  of  water  at  25°,  with  a  weak,  alkaline  reaction.  Loses 
its  water  of  crystallization  at  100°,  and  melts  with  partial  decomposi- 
tion at  198.5°. 

Cinchonidine,  C^^Hn^^.X),  is  contained  in  several  species  of  cinchona, 
but  is  especially  characteristic  of  the  red  bark  of  C.  succirubra.  It  is 
la3vo-rotatory,  but  is  not  fluorescent  in  its  solutions  and  does  not  give 
the  thalleioquin  reaction. 

Cinclwnidine  Sulphate  (C„H,,N20),H,SO,.3H20  (Cinchonidinae  Sul- 
phas, U.S. P.). — The  official  salt  is  that  which  crystallizes  from  a  hot 
and  concentrated  aqueous  solution,  while  from  moderately  concentrated 
aqueous  solutions  crystallizes  a  salt  with  6  molecules  of  water.     The 
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official  sixlphate  forms  silky,  acicular  crystals,  slightly  efflorescing  on 
exposure  to  dry  air.  It  is  soluble  at  25°  in  63  parts  of  water,  and  in  1.42 
parts  of  boiling  water.     It  is  almost  insoluble  in  chloroform  and  ether. 

Quinoidine  is  the  name  given  to  the  resinous  mixture  of  amorphous  alkaloids 
left  in  the  mother  liquor  after  the  extraction  of  the  crystalline  bases. 

Cinchona  barks  contain,  in  addition  to  the  alkaloids,  quinovin,  a  non-nitrogenous 
body  of  the  formula  CaeHesOn,  quinovic  acid,  cinchona-red,  cinchotannic  acui,  and 
quinic  acid,  together  with  wax  and  fat. 

4.  The  Strychnos  Alkaloids. — The  varies  species  of  Strychnos  con- 
tain certain  alkaloids  of  intensely  poisonous  properties,  which  contain  a 
condensed  quinoline-piperidine  ring.  Of  these,  two  have  been  specially 
investigated,  strychnine  and  brucine.  Both  of  them  occur  in  the  seeds 
of  the  Strychnos  nux  vomica  in  combination  with  lactic  and  igasuric  acids, 
and  in  the  bark  of  the  same.  A  third  base,  igasurine,  supposed  to  exist 
in  nux  vomica,  has  been  shown  by  Shenstone  to  be  merely  a  mixture  of 
strychnine  and  brucine.  The  seeds  of  Strychnos  IgnaticB,  commonly 
called  "St.  Ignatius*  beans,*'  also  contain  strychnine  and  brucine,  and 
are  employed  for  the  manufacture  of  the  alkaloids.  The  decoction  of 
the  root-bark  of  Strychnos  Tieute,  or  "deadly  upas  tree"  of  Java,  evapo- 
rated to  an  extract,  is  the  chief  ingredient  of  the  arrow-poison  "upas- 
tieute."     It  contains  strychnine  and  brucine. 

Strychnine,  C21H22N2O2  (Strychninae,  U.S. P.). — The  alkaloid  may  be 
prepared  from  the  several  sources  above  mentioned.  Strychnine  forms 
colorless,  transparent  crystals,  odorless,  and  having  an  intensely 
bitter  taste  perceptible  even  in  very  dilute  (i  in  700,000)  solution. 
It  is  very  difficultly  soluble  in  water,  moderately  soluble  in  alcohol, 
more  readily  in  chloroform,  and  almost  insoluble  in  ether.  Strych- 
nine melts  at  268°.  Its  solutions  are  laevo-rotatory.  It  dissolves  with- 
out color  in  strong  mineral  acids.  Its  solution  in  strong  sulphuric 
acid,  however,  is  changed  by  a  small  fragment  of  potassium  dichromate,* 
yielding  a  blue  color,  changing  to  purplish-blue,  violet,  purplish-red, 
cherry-red,  and  finally  orange-yellow. 

Strychnine  may  be  separated  from  brucine  by  taking  advantage  of 
the  insolubility  of  its  ferrocyanide,  the  corresponding  compound  of  bru- 
cine being  readily  soluble. 

Strychnine  Nitrate,  C^^UJiJd.^.imO^  (Strychninae  Nitras,  U.S.P.), 
forms  colorless  glistering  needles  with  an  intensely  bitter  taste.  Decom- 
posed when  heated  without  melting. 

Strychnine  Sulphate,  (C2iH22N202)2H2S04.5H20  (Strychninae  Sulphas, 
U.S. P.),  forms  colorless,  prismatic  crystals,  with  an  intensely  bitter 
t^ste,  efflorescing  in  dry  air,  soluble  in  water  and  alcohol,  almost 
insoluble  in  ether.  The  salt  loses  its  water  of  crystallization  at  110°  and 
fuses  at  200°. 


♦Allen  prefers  manganese  dioxide  as  an  oxidizing  agent  for  this  reaction,  as 
the  play  of  colors  is  well  developed  and  the  change  of  tints  more  gradual  than 
with  the  other  oxidizing  compounds. 
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Brucine,  CgsH^gNjO^. — ^This  second  alkaloid  of  Nux  vomica,  St.  Ignatius' 
beans,  and  false  angustura  bark  seems  chemically  to  be  a  dimethoxy- 
strychnine.  It  is  obtained  in  bitter,  white  crystalline  powder  or  groups 
of  prismatic  needles.  It  is  more  soluble  than  strychnine  in  water,  and 
very  soluble  in  alcohol.  Brucine  is  a  weaker  base  than  strychnine  and 
is  not  so  poisonous.  When  treated  with  concentrated  sulphuric  acid 
and  oxidizing  agents  it  does  not  give  the  color  reactions  seen  with 
strychnine.  On  the  other  hand,  with  nitric  acid  of  1.42  sp.  gr.,  brucine 
gives  a  blood-red  color,  which  on  heating  becomes  yellowish-red  and 
yellow. 

5.  The  Opium  Alkaloids. — Opiiun  contains,  besides  the  two  different 
compounds  meconoisin,  CgHi^Oj,  and  meconin,  CioH^jO^,  a  series  of 
alkaloids  which  occur  for  the  most  part  combined  with  meconic  acid. 
Several  of  these,  (papaverine,  narcotine,  and  narceine)  are  isoquinoline 
derivatives,  but  the  others  are  phenanthrene-morpholine  compounds. 
The  complete  list  of  the  opium  alkaloids  thus  far  recognized  is: 

Morphine,  CnHwNOs.  Cryptopine,  CaiHosNOs. 

Codeine,  CwHaiNOa.  Rhoeadine,  CaiHsiNOe. 

Thebaine,  CigHaiNOa.  Narcotine,  CaaHasNOT. 

Papaverine,  CaoH8iN04.  Oxynarcotine,  CaaHasNOa. 

Meconidine,  CaiHa8N04.  Narceine,  CaaHaaNOa. 

Codamine,  CaoHa6N04.  Pseudomorphine,  CatHaeNaOe. 

Laudanine,  CaoHa6N04.  Gnoscopine,  CaiHaeNaOii. 

Laudanosine,  CaiHarNOi.  Tritopine,  C4aHMNa07. 

Lanthopine,  Ca8Ha6N04.  Hydrocotamine,  CiaHicNOa. 
Protopine,  CaoHieNOc 

Of  these  bases,  morphine  is  always  present  in  opium  in  largest  amount 
(10  to  14  per  cent.).  The  amount  of  narcotine  present  ranges  from  4 
to  8  per  cent.,  that  of  papaverine  from  0.5  to  i  per  cent.,  that  of  codeine 
from  0.2  to  0.8  per  cent.,  that  of  thebaine  from  0.2  to  0.5  per  cent.,  and 
that  of  narceine  from  o.i  to  0.4  per  cent.  The  other  bases  are  less  im- 
portant, and  are  found  i'n  relatively  small  amount.  Besides  these  bases, 
opium  contains  some  resin  and  caoutchouc-like  bodies,  fat,  wax,  gum, 
coloring  matter,  inorganic  salts,  and  water. 

Opium,  U.S. P.,  is  the  concrete,  milky  exudation  obtained  by  incising 
the  unripe  capsules  of  Papaver  somniferum  Linne  (nat.  ord.  Papaver- 
ace(E)y  yielding  in  its  normal  moist  condition  not  less  than  9  per  cent,  of 
**  crystallized  morphine,"  when  assayed  by  the  official  process.  The 
opium  used  for  pharmaceutical  purposes  is  mainly  the  Smyrna  or  Tur- 
key opium,  the  Persian  and  East  Indian  varieties  being,  however,  worked 
on  a  large  scale  for  the  extraction  of  alkaloids. 

Morphine,  Cj^HjgNOj  +  H.O  (Morphina,  U.S.P.),  forms  "coloriess 
or  white,  shining,  prismatic  crystals  or  fine  needles  or  a  crystalline  powder, 
odorless,  and  having  a  bitter  taste,  permanent  in  the  air."  It  loses  its 
water  of  crystallization  at  100°  C.  It  is  difficultly  soluble  in  water, 
somewhat  more  soluble  in  alcohol,  insoluble  in  ether  and  benzene.  Its 
aqueous  solutions  are  laevo-rotatory. 
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Morphine  when  distilled  with  zinc-dust  yields  pyridine,  quinoline, 
pyrrol,  and  phenanthrene.     It  is  considered  to  be  a  derivative  of  a  hydro- 

CH  CH 
genized  phenanthrene  combined   with  morpholine,  HN<ptt^*ptt*>0. 

It  contains  two  OH  groups,  of  which  one  seems  to  be  phenolic  and  the 
other  alcoholic  in  character.  In  codeine  (methyl  morphine)  the  hydro- 
gen of  the  phenol  OH  has  been  replaced,  and  in  methocodeine  the  hydro- 
gen of  the  alcoholic  OH  also. 

Of  the  salts  of  morphine  the  following  are  official:  Morphinse  Acetas, 
U.S.P.,  Ci^Hj^NOa.CjH.O^  +  3H2O;  Morphinae  Hydrochloridum, 
U.S.?.,  C17H19NO3.HCI  +  3H2O,  and  Morphinae  Sulphas,  (C^^R^^NOj,\' 
HjSO,  +  sHgO. 

When  morphine  or  its  hydrochloride  is  heated  to  140°-!  50*^  in  a 
sealed  tube  with  a  large  excess  of  strong  hydrochloric  acid,  or  with 
zinc  chloride  at  iio*^,  it  is  converted  into  the  hydrochloride  of  apomor- 
phine,  the  formula  of  which  differs  from  that  of  morphine  by  the 
elements  of  water. 

The  hydrochloride '(Apomorphinae  Hydrochloridum,  U.S. P.),  Cj^- 
HjyNOo.HCl,  forms  minute  grayish-white,  acicular  crystals,  without 
odor,  and  of  a  faintly  bitter  taste,  and  acquiring  a  greenish  tint  on  expos- 
ure to  air  and  light.  It  is  moderately  soluble  in  water  and  alcohol,  only 
slightly  soluble  in  ether  or  chloroform.  Codeine,  CigHjjNOj,  when 
treated  in  a  similar  way  with  hydrochloric  acid,  yields  first  CigHjoClNOj. 
and  then  splits  off  methyl  chloride  and  leaves  apomorphine,  Ci^Hi^NO.^. 

Codeine  (Codeina,  U.S.P.),  is  morphine  methyl-ester,  Cj^Hj^NOCOH)- 
OCH3,  and  has  been  made  synthetically  by  heating  morphine  with  methyl 
iodide. 

Two  of  the  codeine  salts  are  also  official  (Codeinae  Phosphas, 
U.S.?.).  Ci8,H2iN03.H3PO,  +  2H.,0;  and  (Codeinae  Sulphas,  U.S.?.) 
(C,,H,,N03),H2SO,  +  5H,0. 

Narceine,  CjgjH^gNOj,,  crystallizes  with  2H2O  in  long,  white  prisms  or 
needles.  The  anhydrous  base  melts,  according  to  Merck,  at  170*^-171°. 
It  has  powerful  hypnotic  properties. 

Narcotine,  CggH^sNO^,  crystallizes  from  alcohol  or  ether  in  colorless 
needles  or  prisms,  melting  at  170®.  Above  200*^  it  is  decomposed  into 
meconin,  Ci„H,yO^,  and  cotamine,  Cj2Hj3N03.H20. 

Papaverine,  CjyHojNO^,  is  a  weak  base  of  feebly  narcotic  properties. 

Thebaine,  Cj^HjiNOg. — It  crystallizes  from  strong  alcohol  in  needles, 
which  melt  at  193°.  It  has  a  sharp  and  styptic  taste,  and  is  a  power- 
ful tetanic  poison,  producing  symptoms  resembling  those  of  strychnine. 

Synthetically  have  been  obtained  also  Morphine  Ethyl-Ester  which 
has  been  introduced  into  medicine  as  **dionin";  the  Diacetyl  Morphine 
which  in  the  form  of  its  hydrochloride  has  been  introduced  as  *' heroin"; 
and  the  Benzoyl-morphine  Hydrochloride  under  the  name  of  "peronin." 

6.  Aconite  Bases. — ^4 com7wm  na/?^//«5  (monk's-hood  or  wolf  *s-bane), 
Acomtum  ferox,  and  A .  Fischeri  (Japanese  aconite)  contain  a  niunber  of 
related  alkalies  which  according  to  C.  R.  Alder  Wright,  are  esters  e\l^<». 
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of  benzoic  acid  or  of  a  derivative  of  this  acid.  Thus,  when  heated  with 
water  alone,  each  of  the  crystalline  bases  undergoes  saponification,  with 
formation  of  benzoic  acid  or  a  derivative  thereof,  together  with  a  new 
amorphous  base  which  generally  has  a  far  less  physiological  activity  than 
the  crystalline  alkaloid  from  which  it  is  derived. 

These  crystalline  alkaloids,  together  with  the  products  of  their  hydro- 
lysis, are: 


Crystalline  Base. 

Amorphous  Base. 

Acid. 

Aconitine,  Ca3H46NOia 

Aconine, 

Benzoic  acid, 

(from  A .  napellus) . 

CaeH4iNOii. 

C7HeOa. 

Picraconitine, 

Picraconine, 

Benzoic  acid, 

C81H45NO10     (from    A: 

C«H4iNOe. 

CTHeOa. 

paniculatumf). 

Japaconitine, 

Japaconine, 

Benzoic  acid. 

CeeHesNaOai 

2CaeH4iNOio. 

2C7HeOa. 

(from  A.  Fischeri). 

Pseudaconitine, 

Pseudaconinev 

Veratric    acid     (dimethyl- 

CaeHteNOia 

Ca7H4iNOe. 

protocatechuic  acid). 

(from  .4.  jet  ox). 

CeHwO*. 

7.  Veratruxn  Alkaloids. — In  the  Veratrum  viride  and  V.  album  are 
contained  several  alkaloids  which  have  been  the  subject  of  repeated 
studies.     The  most  recent  views  indicate  the  existence  of  the  following: 

Jervine,  CjjH^-^NOg. — Melts  at  237.7°  ^^^  is  slightly  laevo-rotatory. 
Veratroidine    (Rubijervine),  Cg^H^NOg. — Melts  at  149.2°  and  is  opti- 
cally inactive. 

Pseudojervine,  C.^^ll^^^NO^.,. — Melts  at  259.1°  and  is  optically  inactive. 
Prokweratrine,  €3^1!,,, NO,,. — Melts  with  charring  at  245^-250°. 
P/'^/c?m'ra/r/ J /V16?,  C^j.H^.NO^. —Melts  at  265°;    non-poisonous. 

8.  Additional  Alkaloids. — Aspidospermine,  C,^H.„,N^,0,  and  Que- 
hrachine,  C.^iH^^jN^Oy,  are  found,  along  with  other  alkaloids,  in  the  bark 
of  Aspidosperma  Quebracho . 

Berber! ne,  C2j,H,.N0^.5iH^,0,  is  found  in  the  root  of  Berberis  vulgaris 
and  Hydrastis  canadensis.  It  forms  yellow  needles,  melting  at  120°. 
When  fused  with  caustic  potash  it  yields  quinoline.  Associated  with 
it  in  Hydrastis  canadensis  is  the  alkaloid  Hydrastine,  C,,H.,,NO,;,  (Hydras- 
tina,  U.S.P.),  which  forms  colorless  prisms,  melting  at  131°. 

Hv  the  action  of  oxidizing  agents  hvdrastine  is  split  up  into  hydra- 
stinine,  C^HuNO^  and  opianic  acid,  C,„H,„0.^.  The  hydrochloride  of 
hvdrastinine  (Hydrastininae  Hydrochloridum,  U.S. P.),  is  official. 

Colchicine,  C^^H^.NO,.  (Colchicina,  U.S. P.),  is  obtained  from  colchi- 
cum  seed.  It  forms  pale  yellow  leaflets  or  powder  turning  darker  on 
exposure  to  light.  It  has  a  peculiar  odor  of  damp  hay  and  a  verv  bitter 
taste. 

Physostigynine,  C,,,H^,N30.,,  is  found  in  Physostigma  venenosum  (Cala- 
bar bean).     It  forms  colorless  or  pinkish  crystals,  only  slightly  soluble 
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in  water,  soluble  in  alcohol  and  ether.  Two  of  its  salts  are  now  official, 
Physostigminse  Salicylas,  U.S.P.,  and  Physostigminae  Sulphas, 
U.S.?. 

Pilocarpine,  CnHj^NjOj,  is  an  alkaloid  found  in  the  several  varieties 
of  Pilocarpus,  It  is  a  crystalline  alkaloid  first  found  in  Jaborandi  leaves, 
but  since  made  synthetically  by  Hardy  and  Calmels  from  /5-pyridine-<x- 
lactic  acid  by  first  forming  pilocarpidine,  Ci„H,^Nj02,  and  then  convert- 
ing this  by  the  action  of  methyl  iodide  into  pilocarpine.  Two  of  its 
salts  are  official,  Pilocarpinae  Hydrochloridum,  U.S.?.,  and  Pilo- 
carpinae  Nitras,  U.S.?. 

Piperim,  Ci^HipNO.,  (Piperina,  U.S. P.),  is  obtained  from  the  black 
and  white  pepper,  in  which  it  is  found  to  the  amount  of  from  7  to  9  per 
cent.  It  is  a  weak  alkaloidal  base,  forming  pale  yellowish  crystals, 
melting  at  130°.  When  heated  with  alcoholic  potash  it  is  decomposed 
into  Piperidine,  QHuN,  and  Piperic  acid,  CjjHj^O^.  The  first  of  these 
compounds  has  already  been  noticed  as  hexahydropyridine  (see  p.  649), 
and  the  second  is  related  to  the  oxyacids  of  the  benzene  series,  and  yields 
piperonal  (see  p.  626)  by  its  oxidation. 

Piperine  can  be  made  synthetically  by  the  action  of  piperidine  on  the 
acid  chloride,  CjaH^OjCl. 

Animal  Alkaloids.  Ptomaines,  and  Leucomaines. 

While  it  was  pointed  out  as  far  back  as  1820  that  symptoms  of  poison- 
ing would  be  developed  by  introducing  into  an  animal  products  of  decom- 
posing and  putrefying  organic  matter,  it  has  only  been  since  1870,  when 
the  Italian  Selmi  published  his  studies  on  cadaveric  poisons,  that  the 
subject  has  been  fully  appreciated.  He  gave  the  name  of  "ptomaines" 
to  these  poisonous  products  of  putrefaction.  In  1884,  Poehl,  of  St. 
Petersburg,  in  the  report  of  a  commission  appointed  to  investigate  the 
subject,  stated  the  following  conclusions: 

1.  Putrefaction,  fermentation,  and  other  as  yet  indefinite  alterations 
of  albuminous  substances  are  accompanied  by  the  generation  of  alka- 
loid-like bodies, — ptomaines. 

2.  These  ptomaines  may  be  fixed  or  volatile,  fluid  or  solid,  amorphous 
or  crystalline.  They  show  an  alkaline  reaction,  and  form  salts  with  the 
acids  like  the  alkaloids. 

3.  Some  ptomaines  are  tasteless  or  odorless;  others  possess  an  intense 
bitter  taste  or  aromatic,  sweetish  odor.  Others,  again,  evolve  a  cadaveric 
odor,  or  resemble  conine  or  nicotine.  They  are  optically  inactive  bodies. 
Their  color  reactions  are  as  various  as  those  of  the  vegetal  alkaloids 
and  often  simulate  them. 

Gautier,  in  1881,  announced  the  presence  of  toxic  alkaloids  in  the 
excretions  of  animals,  and  gave  to  them  the  name  of  "leucomaines." 
His  explanation  of  their  occurrence  is  as  follows:  "While  four-fifths  of 
the  products  of  animal  combustion  are  aerobic  formations,  the  remaining 
part  of  the  combustion  of  the  animal  economy  takes  place.at  the  ex^ensi^ 
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of  the  tissues  and  is  anaerobic,  oxygen  taking  no  part  in  it.  In  a  normal 
condition  of  the  body  a  very  small  proportion  of  muscular  leucomaines 
is  found  in  urine.  But  if  the  air  that  reaches  the  blood  be  diminished  in 
quantity,  or  if  the  proportion  of  haemoglobin  be  dimished,  as  in  chlorosis 
or  amemia,  or  if  substances  be  introduced  into  the  blood  which  prevent 
hsematosis,  substances  of  the  character  of  leucomaines  or  ptomaines 
accumulate  in  the  blood." 

Nitrogenous  substances  not  alkaloids,  which  are  still  poisonous  are 
also  formed.     These  have  been  named  "  toxalbumens  "  or  "albumoses." 

Among  the  non-oxygenated  liquid  ptomaines  may  be  enumerated: 

Dimetkylamine,  Triethylamine,  Propylamine,  (see  p.  556).  These  are 
monamines. 

In  the  class  of  diamines  (see  p.  557)  we  have:  Putrescine,  C^H,^, 
(tetramethylene-diamine),  Cadaverine,  CjiKj^N,  (penta-methylene-dia- 
mine).  These  have  both  been  described  on  p.  557.  Isomeric  with  the 
last  is  Neuridine,  a  non-poisonous  ptomaine  from  the  decomposition  of 
flesh. 

HydrocoUidine,  CnHijN,  is  a  very  poisonous  ptomaine  found  by 
Gautier  in  decomposing  horse-flesh.  CoUidine,  CgH^N  (tri-methyl-pyri- 
dine),  and  Parvoline,  CpHjjN  (tetramethyl-pyridine),  are  also  found  as 
ptomaines. 

Tyroioxicon,  C^H^N,,  found  in  putrid  cheese  and  in  milk  and  cream 
after  undergoing  certain  putrefactive  changes,  also  belongs  to  the  non- 
oxygenated  ptomaines.  It  has  the  composition  of  the  diazo-benzene 
radical  C,H,.N==N— . 

Among  the  more  important  oxygenated  ptomaines  we  may  mention: 

Neurine,  C^HuNO,  and  Choline,  C^Hj^NOj,  are  both  derived  ammoni- 
VLm  hydroxides,  and  are  described  on  p.  557.  They  are  both  quite  poison- 
ous. Muscarine,  CjHjjNO,,  first  obtained  from  the  fungus  Agaricus 
Muscartfis,  was  found  by  Brieger  in  decomposing  flesh.  Gadinine,  Cj- 
HjgNOg,  was  found  in  putrid  fish.  Mytilotoxuie,  CgHj^NOj,  was  obtained 
from  poisonous  mussels. 


CHAPTER    IX. 

THE  TERPENES  AND  THEIR  DERIVATIVES. 

I.    The  Terpenes. 

The  terpenes  are  hydrocarbons  of  the  formula  (CsHg),^.  Both  they 
and  the  camphors,  which  are  oxygenated  derivatives,  show  a  close  re- 
lationship to  the  aromatic  hydrocarbons,  as  common  camphor,  Cn,H,gO, 
by  the  action  of  certain  dehydrating  agents  yields  cymene,  Ci„H|^, 
and  terpenes  of  the  formula  C,^Hjg  when  heated  with  iodine  are  oxidized 
and  yield  the  same  hydrocarbon,  CjyHi^.  We  may  therefore  consider 
the  terpenes  as  hydrogen  addition  compounds  of  benzene  hydrocarbons. 

Characteristic  Reactions. — Besides  the  production  of  cymene  by 
oxidation,  we  have  other  distinctive  reactions.  The  terpenes  of  the  for- 
mula CioHjg  may  add  on  one  or  two  molecules  of  a  haloid  acid  (HCl,- 
HBr,HI)  or  the  corresponding  amount  of  bromine,  showing  that  they 
are  unsaturated  and  that  their  molecules  contain  either  one  or  two 
double  Unkings  of  carbon  atoms.  Many  terpenes  also  form  characteristic 
compounds  with  nitrous  acid,  called  mtrosites,  such  as  Cj^Hj^NjOj. 
These  are  crystalline  compounds,  and  may  be  availed  of  for  the  separa- 
tion of  many  terpenes.  Most  terpenes  also  combine  with  nitrosylchloride, 
NOCl,  forming  nitrosochloride-terpenes.  These  also  are  crystalline  com- 
pounds, which  combine  with  organic  bases  like  benzylamine  and  piperi- 
dine  to  form  nitrolamines. 

Some  terpenes  form  with  water  crystalline  hydrates,  as  terpinhy- 
drate,  CjoHigCHgO),  +  HjO.  This  combination  takes  place  especially 
in  the  presence  of  dilute  nitric  acid  and  alcohol.  The  terpenes  frequently 
polymerize  by  heating  under  pressure  or  by  shaking  with  concentrated 
sulphuric  acid. 

Many  terpenes  are  optically  active.  Frequently  a  laevo-rotatory  and 
a  dextro-rotatory  modification  of  the  same  terpene  may  be  obtained, 
which,  when  mixed,  yield  an  optically  inactive  variety. 

The  terpenes  and  essential  oils  have  an  antiseptic  action. 

Classification  of  Terpenes. — Based  upon  the  differences  in  chemi 
cal  formulas,  as  controlled  by  molecular  weight  determinations  and 
analysis  of  derivatives,  we  may  divide  the  whole  class  of  terpenes  into: 

1.  Hemiter penes,  C^Hg,  such  as  isoprene,  which  by  polymerization 
yields  dipentene,  C,oHjg,  belonging  to  the  next  group. 

2.  Terpenes,  C^Hig.  These  are  the  compounds  to  which  in  the  nar- 
rower sense  belongs  the  class  name. 

3.  Sesquiterpenes,  C15H24.  include  cedrene  and  cubebene. 

4.  Diterpenes,  C^H^y  include  colophene. 

5.  Polyterpenes  (CiyHig)x,  include  the    polymerized  hydrocarbons  of 

caoutchouc  and  gutta-percha. 
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Based  on  the  formation  of  the  addition  compounds  before  referred  to, 
due  to  their  unsaturated  character,  we  may  divide  the  special  terpenes 
of  the  formula  C^H,^  into  two  groups: 

1.  Such  as  are  able  to  combine  with  but  one  molecule  of  haloid  acid, 
leaving  out  of  consideration  cases  of  polymerization.  This  group,  which 
therefore  contains  only  one  double  linking  in  the  molecule,  has  been 
called  by  Baeyer  the  camphane  group.  It  includes  pinene  and 
camphene. 

2.  Such  as  are  able  to  combine  with  two  molecules  of  haloid  acid,  and 
therefore  contain  two  double  linkings  in  the  molecule.  This  group  has 
been  called  the  terpane  group,  and  includes  dipentene,  sylvestrene,  right, 
and  left  rotatory  limonene,  terpinolene,  terpinene,  and  phellandrene. 

The  characters  of  these  terpenes  and  their  addition  compounds  may 
be  thus  given  in  tabular  form: 


Terpcnc, 


Melting 
Poiiil. 


Boiling 
PoiiU. 


Melting  Point  of 
Bromides. 


Pinene 
Camphene 

ir  Limonene 
Dipentene   . 
Sylvestrene 
Terpinolene 

Terpinene    . 
Phellandrene 


Liquid  159®-!  60* 


49' 


i6o«-i6i*» 


Liquidj       175 


Liquid 


Melting  Point  of 
Hydrochlorides. 


jCioHie -f- HCl,  i2S*» 
'CioHie  -h  HCl.    un- 
stable 


li 


CioHieBr4,  io4°|CioHie  :   2HCI,  50* 

ii7S^-i76**,CioHieBr4,  las^^CioHie  -  2HCI.  50* 

i75°-i76°CioHi6Br4,  i3S**CioHie-  2HCI.  72' 

i85°~i9o°CioHieBr4,  ii6°CioHie-  2HCI.  50* 


Melting 

Point  uf 

Nitrosites. 


180° 
170° 


155" 
Q4' 


Description  of  the  Individual  Terpenes. — Putoie,  Cn,H(^,  is  the 
chief  constituent  of  the  American  and  French  oils  of  turpentine  as  well 
as  of  juniper  oil  and  eucalyptus  oil.  Along  with  sylvestrene  and  dipen- 
tene it  makes  up  the  Russian  and  Swedish  turpentine  oils. 

Oil  of  Turpentine  (Oleum  Terebinthinae,  U.S. P.)  is  distilled  from 
the  oleo-resin  (crude  or  virgin  turpentine)  obtained  from  Pinus  paltis- 
tris  (australis).  The  European  turpentine  is  chiefly  obtained  from  Pinus 
sylvestris  and  Pinus  maritima;  Venice  turpentine  from  Larix  Europcsa ; 
the  Strassburg  turpentine  from  Pinus  picea;  Canadian  turpentine  or 
Canada  balsam  from  Abies  balsamea. 

The  oleo-resin  is  distilled  with  steam,  whereby  the  terpenes  distil  over, 
leaving  as  a  residue  colophony  resin,  which  accompanied  the  essential 
oil  in  the  original  exudation. 

The  crude  oil  may  be  further  rectified  according  to  the  Pharmaco- 
pa'ial  process  bv  distilling  after  treatment  with  sodium  hydroxide  solu- 
tion. It  then  forms  a  "thin,  colorless  liquid,  having  a  characteristic 
odor  and  taste,  both  of  which  become  stronger  and  less  pleasant  by  age 
and  exposure  to  the  air."    Sp.  gr.  0.860  to  0.870.    It  boils  when  rectified 
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at  160®.  It  is  almost  insoluble  in  water,  easily  soluble  in  alcohol  and 
ether.  It  dissolves  resin,  caoutchouc,  sulphur,  phosphorus,  etc.  Tur- 
pentine oil,  like  many  other  mixtures  of  terpenes,  readily  absorbs  oxygen, 
and  hydrogen  dioxide  is  formed.  The  oil  is  then  capable  of  turning 
guaiacum  tincture  blue,  liberating  iodine  from  potassiiun  iodide,  and 
producing  other  reactions  characteristic  of  ozone  and  hydrogen  dioxide. 
Strong  nitric  acid  inflames  the  oil,  but  oxidized  by  dilute  acid,  it  yields 
acids  of  both  the  methane  series,  like  butyric,  propionic,  acetic,  and 
oxalic,  and  the  benzene  series  like  terephthalic  and  para-toluic.  Treated 
with  bromine  or  iodine  it  yields  cymene. 

The  American  and  Russian  turpentine  oils  are  right-rotatory,  the 
French,  German,  and  Venetian  oils  are  left-rotatory.  These  differences 
are  due  to  the  existence  of  the  right  and  left  rotatory  varieties  of  pinene. 
Inactive  pinene  may  be  obtained  by  heating  the  pinene  nitrosochloride 
with  aniline,  whereby  NOCl  is  split  off. 

Pinene  unites  with  one  molecule  of  HCl  to  form  Pinene  hydrochloride, 
CjyHj^Cl,  a  white  solid,  melting  at  125®,  and  resembling  camphor  in 
appearance  and  odor,  whence  the  name  "  artificial  camphor."  It  is  insol- 
uble in  water,  soluble  in  alcohol.  When  heated  with  soaps  or  weak 
alkali  it  splits  off  hydrochloric  acid  again  and  leaves  camphene,  C,j,Hig. 

When  turpentine  oil  stands  in  contact  with  water,  especially  in  the 
presence  of  nitric  acid  and  alcohol,  it  unites  with  three  molecules  of 
water  to  form  a  hydrate,  C,yH,j^(0H)2  +  H^O,  known  as  Terpin  Hydrate 
(Terpini  Hydras,  U.S. P.).  This  is  in  colorless  rhombic  prisms  of 
slightly  aromatic  and  somewhat  bitter  taste,  melting  at  ii6°-i  17°.  The 
anhydrous  terpin,  C,„H,8(OH)2,  obtained  in  this  fusion,  or  by  drying 
over  sulphuric  acid,  has  somewhat  of  a  glycol  (or  diatomic  alcohol) 
character.  When  distilled  with  dilute  sulphuric  acid  it  loses  a  molecule 
of  water  and  yields  terpineol,  C,„H,7(0H),  an  oil  of  hyacinthine  odor 
which  is  used  in  medicine.  Still  further  heating  changes  it  into  a  mix- 
ture of  dipentene,  terpinene,  and  terpinolene,  all  terpenes  of  the  formula 

^inHig. 

When  sulphuric  acid  is  allowed  to  stand  in  contact  with  oil  of  turpen- 
tine, and  the  mixture,  after  a  day*s  standing,  is  heated  to  boiling,  the  oil 
is  changed  into  an  optically  inactive  mixture  of  terpenes  known  as 
'  Terebene  (Terebenum,  U.S. P.).  The  Pharmacopoeia  states  that  tere- 
bene  ** consists  of  dipentene  and  other  hydrocarbons."  The  Pharmaco- 
poeia gives  the  boiling  point  as  155*^-165°. 

Camphene  may  be  obtained,  as  already  mentioned,  by  the  decom- 
position of  pinene  hydrochloride  by  soap,  or  with  alcoholic  potash,  also 
from  bomyl  chloride,  CjyHi^Cl.  It  exists  as  dextro-  and  laevo-camphene. 
Camphene  forms  a  solid  crystalline  mass,  fusing  at  49*^,  and  smelling  of 
turpentine  and  camphor.  It  is  more  stable  than  pinene,  but  it  is  oxidized 
by  chromic  acid  mixture  to  common  camphor.  The  addition-compound 
formed  with  one  molecule  of  HCl  is  unstable. 

Limonene, — The  dextro-limonene,  known  also  as  hesperidene,  citrene, 
or  carvene,  is  almost  the  exclusive  constituent  of  oil  of  orange-peel,  and 
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the  chief  constituent  of  oils  of  dill,  caraway,  and  erigeron.  Mixed  with 
pinene  it  forms  lemon  oil.  It  boils  at  175°,  and  forms  a  tetrabromide, 
CjyHjgBr^,  fusing  at  104®,  and  dextro-rotatory  in  character.  It  is  readily 
changed  into  inactive  limonene  or  dipentene. 

Laevo-limonene  is  found,  according  to  some  authorities,  along  with 
laevo-pinene  in  oil  of  Norway  spruce,  although  Drs.  Bertram  and  Wal- 
baum,  of  Schimmel  &  Co.'s  laboratory,  state  that  the  Hmonene  of  this 
oil  is  inactive.  The  dextro-  and  laevo-limonene  tetrabromides,  both 
fusing  at  104®,  unite  to  form  a  dipentene  tetrabromide  fusing  at  125°. 

Dipentene  {Cinene  or  inactive  Limonene)  is  found  in  cajuput  and  cam- 
phor oils  along  with  cineol.  It  is  formed  from  pinene,  camphene,  limo- 
nene, etc.,  by  heating  these  for  several  hours  to  2 50^-2 70*^.  It  is  also 
formed  from  pinene  under  the  influence  of  dilute  alcoholic  sulphuric  acid, 
from  terpin  hydrate  by  the  splitting  off  of  water,  from  isoprene  by 
polymerization,  from  caoutchouc  by  distillation  along  with  isoprene,  and 
in  other  ways.  It  forms  a  pleasant-smelling  liquid  with  an  odor  of  lemons, 
boiling  at  175°-! 76°.  It  readily  forms  a  dihydrochloride  and  a  tetra- 
bromide, both  of  which  have  been  given  in  the  table  (see  p.  672).  It  is 
more  stable  than  pinene.  Its  nitrosochloride,  by  the  splitting  off  of 
hydrochloric  acid,  yields  a  nitrosodipentene,  known  also  as  inactive 
carvoxime,  fusing  at  93*^. 

Sylvesirene  is  the  dextro-rotatory  constituent  of  Swedish  and  Russian 
turpentine  oils.  It  boils  at  175°,  and  is  one  of  the  most  stable  of  the 
terpenes.  With  acetic  anhydride  and  concentrated  sulphuric  acid  it  yields 
a  fine  blue  color.    Its  dihydrochloride  fuses  at  72°,  and  is  dextrorotatory. 

Terpinolene  is  very  similar  to  dipentene. 

Terpinene. — This  and  the  preceding  terpcne  both  result  from  the 
isomerization  of  pinene  and  limonene  (see  Terpin  Hydrate,  p.  673). 
Terpinene  forms  a  nitrosite. 

Phellandrene  is  found  in  a  dextro-rotatory  variety  in  oil  of  water- fennel, 
and  in  a  la?vo-rotatory  variety  in  oil  of  Eucalyptus  amygdalina.  It  unites 
readily  with  nitrous  acid  to  form  a  solid  nitrosite.  It  is  one  of  the  least 
stable  of  the  terpenes,  and  readily  changes  into  dipentene,  and  w^hen 
treated  with  alcoholic  hydrochloric  acid  into  terpinene. 

Sesquiterpenes,  C,,,H2,. — Hydrocarbons  of  this  formula  occur  in  oils 
of  cubebs  and  patchouly,  and  may  also  be  obtained  synthetically  by  the 
heating  of  the  unsaturated  hydrocarbon  valerylene,  C^H^,  to  250^-260° 
under  pressure,  or  by  the  action  of  concentrated  sulphuric  acid  upon  it. 
They  are  all  liquid. 

Diterpenes,  C.,„H32. — Such  hydrocarbons  are  found  in  copaiba 
balsam,  and  are  formed  by  the  superheating  of  turpentine  oil.  Colo- 
phene,  the  residue  formed  in  the  manufacture  of  terebene,  is  also  of  this 
class.     It  is  a  thick  oil,  boiling  at  318°. 

Polyterpenes,  (C,j,H,g)^. — These  may  be  obtained  by  the  poly- 
merization of  oil  of  turpentine  under  the  influence  of  antimony  tri- 
chloride. They  boil  at  over  250°,  and  are  laevo-rotatory.  The  terpenes  of 
caoutchouc  and  gutta-percha  probably  belong  in  this  class  also. 
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Caoutchouc  is  the  solidified,  milky  juice  of  certain  tropical  trees 
[EuphorbiaccB,  AsclepiadacecB,  Apocynacece) .  This  jmce  is  a  vegetable 
emulsion  in  which  the  caoutchouc  is  suspended  in  minute  globules.  This 
emulsion  is  coagulated  by  heat  or  by  the  addition  of  alum  and  salt  solu- 
tions. The  caoutchouc,  at  first  tough  and  elastic,  on  keeping  tends  to 
become  hard  and  brittle.  To  prevent  this  it  is  treated  with  sulphur,  the 
process  being  known  as  "vulcanizing."  This  causes  it  to  retain  its 
elasticity  and  strength,  but  it  then  becomes  insoluble  in  the  carbon  disul- 
phide,  chloroform,  and  benzene,  which  dissolve  the  untreated  rubber. 
When  destructively  distilled   it   yields  isoprene,  C^H^^,  and  dipentene, 

Gutta-Percha  (from  Isonandra  gutta)  is  also  obtained  as  a  milky  juice, 
which  can  be  coagulated  and  kneaded  into  lumps.  It  forms  then  a 
fibrous  mass  looking  like  leather  clippings  cemented  together.  At  ordi- 
nary temperatures  it  is  hard  and  somewhat  elastic,  but  becomes  soft 
when  heated.  When  distilled  it  yields  polyterpenes,  but  these  seem 
always  to  be  accompanied  by  oxidation  products.  It  can  also  be  vul- 
canized by   treatment  with  sulphur. 

Chicle  (Balata)  is  the  milky  juice  from  Sapota  Muelleriy  and  is  obtained 
extensively  from  Mexico  and  Central  America.  It  is  in  properties  inter- 
mediate between  caoutchouc  and  gutta-percha.  It  is  used  in  large 
amounts  as  a  basis  of  chewing-gum. 

II.    The  Camphors. 

The  camphors  are  oxygenated  derivatives.  Of  their  relationship  to 
cymene  and  the  terpenes  mention  has  already  been  made.  Many  of 
them  contain  an  hydroxy  1  group,  as  is  shown  by  their  reaction  with  acids 
to  form  esters.  These  are  largely  secondary  and  tertiary  alcohols,  and 
like  the  latter  (see  Amy lene  Hydrate) ,  under  the  influence  of  dehydrating 
agents  split  up  into  hydrocarbons  and  water.  Carvone,  C,yHi^O,  and 
Japan  camphor,  C^HigO,  appear,  however,  to  be  ketones.  Of  the 
camphors  the  most  important  are: 

Japan  Camphor,  C,yHjgO  (Camphora,  U.S. P.),  is  obtained  by  dis- 
tilling with  steam  the  wood  of  the  camphor-tree  {Cinnamomum  Cam- 
phora). It  may  also  be  obtained  synthetically  from  both  bomeol  and 
camphene  by  oxidation. 

Camphor  has  also  been  obtained  on  a  commercial  scale  within  a  few 
years  from  oil  of  turpentine.  By  the  action  of  anhydrous  oxalic  acid 
upon  the  turpentine  is  formed  pinyl  oxalate  and  pinyl  formate.  By  dis- 
tillation with  steam  in  the  presence  of  an  alkali  the  pinyl  oxalate  is 
converted  into  camphor  while  the  formate  is  changed  into  bomeol. 
The  white  pulverulent  mixture  of  the  two  is  at  once  submitted  to  oxida- 
tion in  order  to  change  the  bomeol  into  camphor.  The  yield  in  camphor 
is  from  25  to  30  per  cent,  of  the  turpentine  used.  The  product  is  either 
optically  inactive  or  has  a  very  slight  dextro-rotation. 

Camphor  forms  colorless,  translucent,  and  readily  sublimable  crystals 
of  a  tough  consistence,  of  characteristic  odor,  melting  at  17^°  audboilvtsj^ 
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at  204°.  It  has  a  crystalline  structure,  and  is  readily  pulverized  in  the 
presence  of  a  little  alcohol,  ether,  or  chloroform.  It  is  sparingly  soluble 
in  water,  but  is  soluble  in  alcohol,  ether,  chloroform,  carbon  disulphide, 
benzine,  and  fixed  and  volatile  oils.  It  is  inflammable  and  bums  with  a 
luminous,  smoky  flame.  Its  sp.  gr.  is  0.990.  The  natural  camphor  is 
dextro-rotatory:  the  artificial  camphor  is  dextro-  or  laevo-rotatory 
according  to  the  character  of  the  camphene  from  which  it  is  prepared 
or  inactive  when  produced  from,  bomyl  esters.  Under  the  influence  of 
phosphoric  oxide  it  splits  off  water,  yielding  cymene.  Heated  with  iodine 
it  yields  carvacrol  (see  p.  617).  As  camphor  combines  with  both  hy- 
droxylamine  and  phenyl-hydrazine,  it  is  of  ketone  character.  This  is  also 
shown  by  its  relation  to  the  secondary  alcohol  bomeol. 

By  the  action  of  bromine  in  proper  proportion  upon  camphor  we 
obtain  a  bromine  substitution  compound  known  as  Monobromated  Cam- 
phor, CjyHi^BrO  (Camphora  Monobromata.  U.S. P.).  This  forms 
**  colorless,  prismatic  needles,  with  a  mild,  camphoraceous  odor  and  taste, 
permanent  in  the  air,  unaffected  by  light,  and  neutral  to  litmus  paper.** 
It  melts  at  76°  and  sublimes  at  a  slightly  higher  temperature. 

By  the  oxidation  of  camphor  with  boiling  nitric  acid  is  obtained  Cam- 
phoric acid  C^Hi,(C00H)2  (Acidum  Camphoricum,  U.S. P.)  which 
forms  colorless  prismatic  crystals  melting  at  187°,  difficultly  soluble  in 
water,  easily  soluble  in  alcohol. 

Isomeric  with  camphor  are  pittol,  obtained  artificially  from  pinene, 
and  absinthol,  contained  in  oil  of  wormwood.  Fetuhone,  from  oil  of 
fennel,  thujone  {ianaceione),  from  oils  of  thuja  root  and  tansy,  and 
pulegone,  from  oil  of  pennyroyal,  are  also  ketones  of  the  formula  CioHieO. 

Bomeol,  C,„H,^0. — Bomeol  (or  Borneo  camphor)  has  been  found  in 
the  wood  of  Dryobalanops  aroniatica,  and  is  contained  also  chiefly  in 
the  form  of  esters  in  the  oils  of  rosemary,  Spanish  thyme,  valerian, 
citronella,  and  the  different  pine  oils.  Bomeol  forms  crystals  melting 
at  203^-204°  and  boilin^ir  at  212°,  and  possessinj^  an  odor  recalling  pat- 
chouly  and  ambergris.  When  common  camphor  is  reduced  by  metallic 
sodium,  the  product,  commercially  known  as  borneol,  is  a  mixture  of 
true  borneol  and  iso-borneol.  This  latter  melts  at  212°,  and  has  more 
the  odor  of  tansy  and  sage.  Among  the  esters  of  borneol  may  be  men- 
tioned bomyl  acetate,  found  in  the  pine-needle  oils,  and  bomyl  formate  and 
bomyl  valerate,  found  in  oil  of  valerian. 

Isomeric  with  bomeol  are  cineol  (eucalyptol)  (Eucalyptol,  U.S. P.) 
found  in  oils  of  cajuput,  camphor,  lavender,  rosemary,  wormseed,  euca- 
lyptus, etc.,  and  ter pineal,  found  in  oils  of  cajuput  and  Japanese  valerian, 
and  made  synthetically,  along  with  cineol,  from  terpin. 

Isomeric  with  borneol  are  also  linalool  and  geraniol,  two  monatomic 
unsaturated  alcohols,  which  either  by  themselves  or  through  their  esters 
play  a  very  important  part  in  the  composition  of  many  of  the  essential 
oils. 

Linalool,  C,„H,-OH,  is  the  essential  and  fragrant  constituent  of  oil 
ol  Jinaloe,  and  is  found  either  free  or   in  the  form  of   esters    in  oils  of 
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lavender,  bergamot,  petit  grains,  spike,  and  coriander.  It  is  a  colorless, 
fragrant  liquid  of  sp.  gr.  0.878,  and  boiling  at  ig7°-i98°.  It  forms  a  per- 
fectly clear  solution  with  2  volumes  or  more  of  70-per-cent.  alcohol.  Its 
most  important  esters  are  linaioyl  acetate  (known  as  bergamiol  and  con- 
stituting one  of  the  chief  constituents  of  bergamot  oil)  and  linaioyl  formate. 

Geraniol,  Ci^Hi^OH,  is  the  chief  constituent  of  the  true  geranium 
oils  and  of  the  Turkish  geranium  or  Palmarosa  oil.  It  has  also  been 
shown  to  be  the  chief  constituent  of  the  liquid  portion  of  the  oil  of  rose, 
and  it  occurs  in  addition  in  oils  of  citronella,  oil  of  lavender  flowers,  and 
one  of  the  eucalyptus  oils.  It  is  a  colorless  liquid  with  a  fragrant  rose-like 
odor.  sp.  gr.  0.882  to  0.885,  ^^^  t>oils  at  230*^.  One  part  of  geraniol  re- 
quires from  12  to  15  voliunes  of  50-per-cent.  alcohol  to  form  a  clear 
solution.  Its  most  important  esters  are  the  geranyl  acetate  and  geranyl 
fortncUe. 

Both  linalool  and  geraniol  when  oxidized  with  chromic  acid  mixture 
yield  the  same  aldehyde  citral. 

Citral,  C,^HigO. — ^This  compound  is  present  to  the  amount  of  about 
7.5  per  cent,  in  oil  of  lemon,  to  which  it  gives  its  characteristic  odor.  It 
is  a  golden-yellow  liquid  of  sp.  gr.  0.899,  ^^^l  boils  at  116°  under  a  pres- 
sure of  16  mm.,  or,  when  perfectly  pure,  at  228°-229°  under  ordinary 
pressure  without  decomposition. 

Closely  related  to  citral  is  another  aldehyde-like  body,  Citronellal, 
C,oHi«0.  This  is  found  in  oil  of  Eticalyptus  maculata,  in  oil  of  citronella, 
and  in  small  amount  in  oil  of  lemon.  It  is  a  colorless  liqmd  with  an 
agreeable  odor,  sp.  gr.  0.880,  and  distilling  between  205°  and  210°  with 
slight  decomposition. 

Menthol,  C10H20O  (Menthol,  U.S. P.),  is  the  most  valuable  constit- 
uent of  the  several  varieties  of  peppermint  oil.  It  "forms  colorless, 
acicular  crystals,  having  a  strong  and  pure  odor  of  peppermint,  and  a 
warm,  aromatic  taste,  followed  by  a  sensation  of  cold,  when  air  is  drawn 
into  the  mouth.  It  melts  at  43°  C.  to  a  colorless  liquid,  boils  at  212°, 
and  volatilizes  slowly  at  the  ordinary  temperature.  Its  alcoholic  solu- 
tion deviates  polarized  light  to  the  left."  Menthol  is  a  secondary  alcohol. 
When  oxidized  with  chromic  acid  mixture  it  yields  a  ketone,  menthone, 
C,oH,gO,  which  also  occurs  naturally  in  the  peppermint  oil.  Menthol 
also  forms  esters,  such  as  methyl  formate,  menthyl  acetate,  and  menthyl 
iso-valerate.  Of  these  the  latter  two  are  found  naturally  in  the  pep- 
permint oil.  By  the  action  of  dehydrating  agents  menthol  is  converted 
into  the  hydrocarbon  menthene,  Cn,Hig,  which  boils  at  167°. 

III.    The   Essential  Oils. 

By  the  distillation  of  the  blossoms,  flowers,  and  fruit  of  many  plants 
with  steam  are  obtained  a  class  of  products  known  as  the  essential  or 
volatile  oils.  They  are  distinguished  both  by  physical  and  chemical 
differences  from  the  fixed  or  fatty  oils,  These  latter  (see  p.  550)  are 
largely  mixtures  of  the  glycerin  esters  of  the  fatty  acids,  often  containing, 
in  addition,  the  fat  acids  in  the  free  state.    While  the  essential  oils  show 
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some  variations  in  their  chemical  composition,  they  are  in  the  main 
mixtures  of  terpenes  and  camphors,  although  esters  of  these  latter  occur 
and  in  a  few  instances  we  have  aldehydes  and  ketones. 

The  fixed  oils  belong  in  the  aliphatic  or  methane  series  of  derivatives, 
while  the  essential  oils  all  show  cyclic  or  aromatic  derivatives  among 
their  constituents.  The  essential  oils  also  show  a  tendency  to  absorb 
oxygen  on  prolonged  exposure,  to  the  air  and  to  form  resinous  products. 

Physically  the  essential  oils  are  characterized  by  their  entire  volatil- 
ity without  residue,  while  the  fatty  oils  are  decomposed  by  heat  before 
volatilization  can  be  completed,  and  yield  acrolein  and  similar  products 
of  decomposition. 

The  specific  gravity  of  the  essential  oils  is  generally  less  than  that  of 
water,  and  hence  they  separate  on  its  surface  in  the  product  of  the  steam 
distillation.  They  are  only  very  slightly  soluble  in  water,  but  easily 
soluble  in  strong  alcohol,  chloroform,  ether,  benzene,  and  fatty  oils. 
They  leave  a  transient  spot  only  upon  paper,  while  the  fixed  oils  leave 
a  permanent  "grease-spot.** 

The  extraction  of  the  essential  oils  from  the  plants  containing  them 
may  beeflfected: 

1.  By  distillation,  usually  with  steam,  although  in  rare  cases  without. 
A  Plorentine  receiver  is  frequently  employed  to  collect  the  distillate, 
and  by  this  means  the  separation  of  the  light,  oily  layer  from  the  accom- 
panying water  is  effected. 

2.  By  expression.  This  is  followed  in  cases  where  the  oil  is  abundant 
and  readily  separable,  as  with  oil  of  lemon,  orange  peel,  etc. 

3.  By  extraction  with  solvents.  This  solvent  may  be  a  liquid  fat,  as  in 
the  case  of  maceration,  a  solid  fat,  as  in  the  case  of  enfleurage,  or  a  volatile 
solvent,  as  in  the  extraction  of  fine  or  costly  perfumes. 

The  official  essential  oils  and  their  proximate  chemical  composition  are  as  follows: 
Oleum  Amygdalae  Amarae,  U.S.P.  (Oil  of  Bitter  Almond),  is  a  clear,  yellowish, 
thin,  and  strongly  refractive  liquid,  with  a  characteristic  odor  and  a  bitter,  burn- 
ing taste.  Its  sp.  gr.  is  from  1.04 5- 1.060,  and  it  boils  at  180°  It  is  essentially  ben- 
zaldehyde.  CeHc.COH,  with  from  1.5  to  4  per  cent,  of  hydrocyanic  acid,  and  has 
resulted  from  the  decomposition  of  the  amygdalin  of  the  bitter  almond  under  the 
influence  of  the  ferment  emulsin,  (For  reaction  see  p.  622.)  Benzaldehyde  com- 
bines, on  standing  with  hydrocyanic  acid,  to  form  the  cyanhydrin  or  nitrile  of 
mandelic  acid,  CeH6.CH(()H).C5J,  a  body  having  the  sp.  gr.  1.124,  and  this  is, 
therefore,  often  contained  in  oil  of  bitter  almonds. 

Oleum  Anisi,  U.S.P.  (Oil  of  Anise),  is  "a  colorless  or  pale  yellow,  thin  and 
strongly  refractive  liquid,  having  the  characteristic  odor  of  anise,  and  a  sweetish 
mildly  aromatic  taste."  "At  a  temperature  usually  15°  it  solidifies  to  a  white, 
crystalline  mass."     Over  go  per  cent,  of  the  oil  consists  of  ancihol  (methoxy-pro- 

penyl-benzenc) ,  C jH4 -^w- j^  ^,  the    residue    containing    the    isomeric    compound 

methyl  chavicol. 

Oleum  Aurantii  Corticis,  U.S.P.  (Oil  of  Orange  Peel),  is  obtained  by  expres- 
sion from  the  fresh  peel  of  either  the  Bitter  Orange  or  the  Sweet  Orange.  The  chief 
constituent  is  the  terpene  limoncne.  Oil  of  sweet  orange  peel  also  contains  a  small 
amount  of  cilral  {gcranial)  and  a  lower  boiling  aldehyde. 

Oleum  Betulae,  U.S.P.  (Oil  of  Sweet  Birch),  is  a  colorless  or  yellowish  liquid 
with  a  characteristic  strongly  aromatic  odor  and  taste,  closely  resembling  that  of 
gaultheria  or  wintergreen.  It  consists  mainly  of  methyl  salicylate  (see  p.  632),  but 
contains  in  addition,  a  small  amount  (less  than  ▼  oer  cent,)  of  a  paraffin  hydrocarbon. 
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Oleum  Cadinum,  U.S.P.  (Oil  of  Cade),  is  a  product  of  the  dry  distillation  of  the 
wood  of  Juniperus  Oxycedriis.  It  is  a  brownisn  liquid  of  a  tarry  odor  and  an  em- 
pyreumatic,  burning  taste.  The  oil  contains  phenols  and  a  sesquiterpene  termed 
cadinene,  boiling  at  2  74®-2  75®. 

Oleum  Cajuputi,  U.S.P.  (Oil  of  Cajuput). — A  thin,  bluish-green  liquid  (after 
rectification  colorless),  with  an  agreeable  camphoraceous  odor  and  an  aromatic, 
bitter  taste.  It  contains  cineol  (cajuputol),  terpineol,  terpenyl  acetate,  and  one 
or  more  terpenes. 

Oleum  Cari,  U.S.P.  (Oil  of  Caraway),  is  distilled  from  the  fruit  of  Carum  Carvi. 
The  oil  contains  dextro-rotatory  limonene  (formerly  known  as  carvene)  and  dextro- 
rotatory carvone.  This  body  is  chemically  a  ketone  of  the  composition  C10H14O, 
and  is  a  liquid  boiling  at  224^. 

Oleum  Caryophylh,  U.S.P.  (Oil  of  Cloves),  is  **a  colorless  or  pale  yellow,  thin 
liquid,  becoming  darker  and  thicker  by  age  and  exposure  to  the  air,  naving  a  strongly 
aromatic  odor  of  cloves,  and  a  pungent  and  spicy  taste. "     The  oil  contains  eugenol 


(  CsHa  \ 
\  OCRs  I 
lOH     / 


(oxy-methoxy-allyl-benzene,  CeHai  OCRs  1  (Eugenol,  U.S.P.),  to  the  amount  of 
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from  80  to  90  per  cent.,  methyl  alcohol,  furfurol,  and  a  sesquiterpene  termed  cary- 
ophyllene,  which  boils  at  255°.  Eugenol,  the  chief  constituent,  forms  a  colorless 
liquid  with  tha  odor  and  taste  of  cloves.  It  has  a  sp.  gr.  1.072,  and  boils  at  253°- 
2  54®.  It  is  also  found  in  other  essential  oils,  such  as  pimenta,  bay,  Ceylon  cinnamon, 
sassafras,  and  camphor. 

Oleum  Chenopodii,  U.S.P.  (Oil  of  Chenopodium,  or  American  Wormseed),  is 
a  yellowish  liquid,  with  a  penetrating  odor,  and  pungent,  bitterish  taste.  It  is 
stated  to  contain  a  terpene,  tioHie,  and  a  body  of  the  formula  CioHieO. 

Oleum  Cinnamomi,  U.S.P.  (Oil  of  Cinnamon  or  Oil  of  Cassia). — "A  yellowish 
or  brownish  liquid,  becoming  darker  and  thicker  by  age  and  exposure  to  the  air, 
having  the  characteristic  odor  of  cinnamon,and  a  sweetish,spicy,and  burning  taste. " 
It  consists  chiefly  of  cinnamic  aldehyde,  C8H7.COH,  (Cinnaldehydum.  U.S.P.) 
with  some  cinnamyl  acetate,  CeHe.CsHsOQ.  The  amount  of  cinnamic  aldehyde 
should  not  be  less  than  75  per  cent. 

Oleum  Copaibae,  U.S.P.  (Oil  of  Copaiba),  is  distilled  from  the  so-called  Balsam 
of  Copaiba.  "It  forms  a  pale  yellowish  liquid,  with  the  characteristic  odor  of 
copaiba,  and  an  aromatic,  bitterish,  and  pungent  taste."  The  oil  consists  chiefly 
of  cary ophy lie fte,  C16H94. 

Oleum  Coriandri,  U.S.P.  (Oil  of  Coriander),  is  distilled  from  the  fruit  of 
Coriandrum  sativum.  The  oil  contains  linalool  (formerly  known  as  coriandrol) 
and  pinene. 

Oleum  Cubebae,  U.S.P.  (Oil  of  Cubeb),  is  "a  colorless,  pale  greenish  or  yellow- 
ish liquid,  having  the  characteristic  odor  of  cubeb,  and  a  warm,  camphoraceous, 
aromatic  taste. "  The  oil  consists  chiefly  of  cadinene,  Ci^H^,  with  some  dipentene, 
and  when  old,  or  distilled  from  old  fruit,  contains  ctibeb  camphor,  CisHai-HaO. 

Oleum  Erigerontis,  U.S.P.  (Oil  of  Erigeron  or  Fleabane),  is  "a  pale  yellow, 
limpid  liquid,  becoming  darker  and  thicker  by  age  and  exposure  to  the  air,  having 
a  peculiar,  aromatic,  persistent  odor,  and  an  aromatic,  slightly  pungent  taste." 
It  consists  chiefly  of  dextro-rotatory  limonene,  together  with  some  terpineol. 

Oleum  Eucalypti,  U.S.P.  (Oil  of  Eucalyptus),  is  "a  colorless  or  slightly  yel- 
lowish liquid,  having  a  characteristic,  aromatic,  somewhat  camphoraceous  odor, 
and  a  pungent,  spicy,  and  cooling  taste.  *^  The  oil  from  the  E.  globulus  contains 
cineol  (eucalyptol),  dextro-rotatory  pinene,  small  amounts  of  valeric,  butyric, 
and  caproic  aldehydes,  and  ethyl  and  amyl  alcohols.  The  oil  from  E.  oleosa  (which 
is  also  included  as  an  official  source  of  eucalyptus  oil)  contains  cineol  and  cumi- 
nol.  Both  of  these  eucalyptus  oils  have  strongly  antiseptic  properties  due  to  the 
cineol  (eucalyptol)  contained  in  them. 

Oleum  Foeniculi,  U.S.P.  (Oil  of  Fennel),  is  distilled  from  the  fruit  of  Fceni- 
culum  capillaceum.  It  contains  pinene,  phellandrene,  dipentene,  limonene,  fen- 
chone,  CioHieO,  and  anethol,  C10H12O,  the  latter  usually  in  amounts  of  about  60 
per  cent.  The  higher  the  temperature  at  which  the  crystals  of  anethol  separate 
the  better  the  quality  of  the  oil.  Oil  of  fennel  from  different  sources  may  differ, 
and  one  or  more  of  the  above  named  constituents  may  be  absent. 

Oleum  Gaultheriae,  U.S.P.  (Oil  of  Gaultheria,  or  Wintergreen),  is  distilled 
from  the  leaves  of  Gaultheria  procumbens.  The  oil  is  substantially  identical  with 
oil  of  sweet  birch  (see  p.  678),  and  consists  chiefly  of  methyl  salicylate  with  a  frac- 
tion of  I  per  cent,  of  a  hydrocarbon,  CsoHeg. 
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Oleum  Hedeomae,  U.S.P.  (Oil  of  Hedeoma,  or  American  Pennyroyal;,  distilled 
from  the  leaves  and  tops  of  Hedeoma  pulegioides.  The  oil  contains  pulegone,  CioHiaO, 
together  with  two  ketones  of  the  formula  CioHieO  (one  being  apparently  menthone), 
and  formic,  acetic,  and  isoheptoic  acids. 

Oleum  Juniperi,  U.S.P.  (Oil  of  Juniper). — It  may  vary  in  optical  properties, 
and  show  either  dextro-rotatory,  laevo-rotatory,  or  inactive  character.  It  consists 
chiefly  of  pinene,  with  some  cadinene,  Ci6Hs4.  and  an  undetermined  substance 
callea  juntper-camphor,  to  which  the  peculiar  juniper-like  odor  and  taste  are 
due. 

Oleum  Lavandulae  Florum,  (Oil  of  Lavender  Flowers). — ^The  oil  contains 
linalool,  linaloyl  acetate,  geraniol,  and  a  very  small  amount  of  cineol. 

Oleum  Limonis,  U.S.P.  (Oil  of  Lemon),  is  obtained  by  expression  from  fresh 
lemon  peel,  the  rind  of  the  recent  fruit  of  Citrus  Limonum.  It  contains  a  small 
amount  of  pinene  with  dextro-rotatory  limonene,  about  7  per  cent,  of  citral  (see  p. 
677),  and  a  small  amount  of  citronellal. 

Oleum  Menthse  Piperitse,  U.S.P.  (Oil  of  Peppermint). — **A  colorless,  liquid 
having  the  characteristic  strong  odor  of  peppermint,  and  a  strongly  aromatic, 
pungent  taste,  followed  by  a  sensation  of  cold  when  air  is  drawn  into  the  mouth. " 

The  results  of  an  investigation  conducted  in  the  laboratory  of  Fritsche  Bros, 
at  Garfield,  N.  J.,  show  that  the  composition  of  American  peppermint  oil  is  quite 
complex,  the  following  constituents  having  been  noted : 

Acet  aldehyde.  Limonene. 

Amyl  alcohol.  Cineol. 

Isovaleraldehyde.  Menthone. 

Isovaleric  acid.  Menthol. 

Dimethyl-sulphide.  Menthyl  acetate. 

Pinene.  Menthyl  isovalerate. 

Phellandrene.  Cadinene. 
A  lactone,  CioHieOa. 

Oleum  Menthse  Viridis,  U.S.P.  (Oil  of  Spearmint),  is  distilled  from  the  fresh 
herb  of  Mentha  viridis.  The  oil  contains  leevo-rotatory  carvone  and  laevo-rotatory 
limonene,  with  possibly  some  laevo-rotatory  pinene. 

Oleum  Myristicae,  U.S.P.  (Oil  of  Nutmeg),  is  distilled  from  nutmeg,  the  seed 
of  Myristica  fragrans  deprived  of  its  testa.  It  consists  chiefly  of  pinene,  with  prob- 
ably some  dipentene,  also  myristicol,  CioHieO,  and  myristicin,  Ci2Hi402. 

Oleum  Pimentae,  U.S.P.  (Oil  of  Pimenta  or  Oil  of  Allspice). — It  is  distilled 
from  pimenta,  the  nearly  ripe  fruit  of  Pimenta  officinalis.  The  oil  contains  eugenol 
and  a  sesquiterpene,  C15H24. 

Oleum  Rosae,  U.S.P.  (Oil  of  Rose),  is  distilled  from  the  fresh  flowers  of  Rosa 
damascena.  Oil  of  rose  when  slowly  cooled  to  between  16°  and  21°  becomes  a 
transparent  solid,  interspersed  with  numerous  slender  scale-like  crystals.  The 
liquid  fragrant  portion  of  the  oil  consists  for  the  most  part  of  an  alcoholic  body  of 
tl^  composition  CioHieO,  which  at  first  was  called  rhoainoU  but  is  now  recognized 
as  geraniol  (see  p.  677).  Along  with  this  is  some  citronellol,  CioHaoO.  The  solid 
crystallizaVjle  portion;  or  so-called  "stearopten, "  of  the  oil  is  odorless  when  pure, 
and  consists  of  a  mixture  of  several  hydrocarbons,  one  of  which  melts  at  from 
35.5°  to  36.5°,  and  has  the  composition  C20H42. 

Oleum  Rosmarini,  U.S.P.  (Oil  of  Rosemary),  is  "a  colorless  or  pale  yellow,  limpid 
liquid,  having  the  characteristic,  pungent  odor  of  rosemary,  and  a  warm,  somewhat 
camphoraceous  taste."     The  oil  contains  pinene,  cineol,  borneol,  and  camphor. 

Oleum  Sabinae,  U.S.P.  (Oil  of  Savine).  is  distilled  from  the  tops  oi  Juniper %i5 
sabincE.     The  oil  contains  pinene  and  cadinene,  C16H24. 

Oleum  Santali,  U.S.P.  (Oil  of  Santal  or  Sandal-wood),  is  distilled  from  the 
wood  of  Satitalum  album.  The  East  Indian  or  official  oil  of  santal  contains,  ac- 
cording to  Chapoteaut,  an  aldehyde  body  called  santalal,  C16H24O,  boiling  at  300**, 
together  with  an  alcoholic  body,  santalol,  CisHaeO,  which  boils  at  310®,  and  is  con- 
verted by  phosphoric  oxide  into  santalcne,  Ci5H24.  boiling  at  260°. 

Oleum  Sassafras,  U.S.P.  (Oil  of  Sassafras),  is  distilled  from  the  bark  of  the 
root  of  Sassafras  varii folium.    The  oil  consists  chiefly  of  safrol  (methylene  ester  of 

ally  1-dioxy benzene),  CeHs]  0>^^^  (Safrolum,  U.S.P.),  a  colorless  Hquid,  boiling 
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at  from  232®  to  233®,  together  with  a  very  small  amount  of  eugenol,  camphor, 
and  the  two  terpenes  pinene  and  phellandrene. 

Oleum  Sinapis  Volatile,  U.S. P.  (Volatile  Oil  of  Mustard),  is  obtained  from 
black  mustard,  the  seed  of  Brassica  nigra,  by  maceration  with  water  and  subse- 
quent distillation.  It  consists  chiefly  of  allyl  isosulphocyanate,  CS--N(C8H6), 
with  traces  of  carbon  disulphide.  These  procfucts  result  from  the  decomposition 
of  the  glucoside  sirtigrin  (see  chapter  on  Glucosides)  under  the  influence  of  a  natur- 
ally occurring  ferment  my  rosin. 

Mustard  oil  is  also  made  artificially  by  treating  allyl  iodide  with  alcoholic  solu- 
tion of  potassium  sulphocyanate.  The  resulting  allyl-sulphocyanate  is  changed 
into  the  isomeric  allyi-isosulphocyanate  by  heating  it  to  its  boiling  point.  The 
carbon  disulphide  seems  to  he  an  invariable  product  of  secondary  decomposition. 

Oleum  Terebinthinse,  U.S.P.  (Oil  of  Turpentine),  has  already  been  aescribed 
under  Pinene  (see  p.  672). 

Oleum  Thymi,  U.S.P.  (Oil  of  Thyme),  is  distilled  from  the  leaves  and  flowering 
tops  of  Thymus  vulgaris.     Its  most  important  constituent  is  thymol   (methyl- 

fCHs 
propylphenol),  CeHs-JCsH?,  (see  p.  617).      In  some  oils  the  isomeric  compound 

I  OH 
carvacrol  replaces  the  thymol  in  whole  or  part.    The  oil  also  contains  pinene,  cy- 
mene,  linalool,  and  small  amounts  of  bornyl  esters. 

IV.     The  Resins. 

The  resins  seem  to  be  products  of  the  oxidation  of  the  terpenes.  They 
occur  in  many  essential  oils,  and  seem  to  form  from  the  hydrocarbons 
when  some  of  the  essential  oils  are  exposed  for  a  time  to  the  air.  Unlike 
the  camphors,  they  are  not  volatile  without  decomposition,  and,  instead 
of  showing  the  characters  of  alcohols,  aldehydes,  and  ketones,  they  are 
often  acids  or  acid  anhydrides. 

The  most  recent  investigations  seem  to  show  that  the  chief  constit- 
uents of  the  resins  are  the  resin  esters,  resin  acids,  and  in  different  aro- 
matic compounds  resenes  of  which  little  is  known.  The  resin  esters  con- 
tain peculiar  alcohols,  the  resinols,  which  are  colorless  and  resino-tannols 
which  are  colored,  and  give  the  tannin  reaction. 

They  may  be  divided  conveniently  into  at  least  three  groups, — viz.. 
Hard  or  True  Resins,  Oleo-resins  and  Balsams,  and  Gum-resins. 

I.  Hard  or  True  Resins. — These  are  solids,  fusible  but  not  volatile, 
and  soluble  in  one  or  more  of  the  following  solvents:  alcohol,  ether, 
chloroform,  carbon  disulphide,  fixed  oils,  volatile  oils,  fixed  alkalies,  and 
ammonia.  When  soluble  in  the  alkalies  it  is  because  of  their  acid  charac- 
ter, and  a  resin  soap  is  formed.  These  resins  are  found  either  as  exuda- 
tions from  plants,  when  they  are  generally  dissolved  in  volatile  oils,  or 
they  may  be  contained  in  the  cells,  ducts,  or  upon  the  surface  of  the 
plants.     Among  the  hard  resins  may  be  enumerated: 

Colophonium  (Colophony  or  Common  Rosin). — ^This  is  obtained  from 
the  oleo-resin  of  the  Coniferce,  and  is  the  residue  when  the  volatile  oil 
(see  Oleum  Terebinthince,  p.  672)  is  distilled  off.  It  forms  a  yellowish  or 
brown  brittle  mass,  with  glossy  fracture,  melting  at  about  100°,  and 
soluble  in  the  liquids  named  above.  It  is  chiefly  composed  of  abietic 
anhydride,  C^fi^^,  which  in  the  presence  of  dilute  alcohol  is  converted 
into  abietic  acid.  Readily  saponifiable  when  mixed  with  fats,  and  hence 
used  largely  in  the  manufacture  of  rosin  soaps  (see  p.  sss)-    Roswx  h"^ 
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destructive  distillation  yields  "rosin  spirit"  and  ** rosin  oil,*'  the  latter 
of  which  is  used  extensively  in  the  manufacture  of  printer's  ink. 

Dammar  (from  Dammar  a  orientalis  and  D.  australis). — The  East 
Indian  dammar  is  an  exudation ;  the  New  Zealand  dammar,  known  also 
as  "Kauri  resin,"  is  found  fossil  as  well  as  of  present  formation.  The 
resin  is  harder  than  colophony;  only  partially  soluble  in  alcohol,  more 
soluble  in  ether,  chloroform,  and  benzene.  About  i  per  cent,  of  resin 
acid  only  is  present.    The  chief  use  is  for  varnishes. 

Copal,  which  is  found  fossil  in  Zanzibar  and  on  the  West  Coast  of 
Africa,  is  the  hardest  of  these  resins,  and  is  especially  valuable  for  the 
manufacture  of  varnishes. 

Amber  (a  fossil  resin  from  Picea  succinifera)  is  found  along  the  shores 
of  the  Baltic  and  other  localities.  It  melts  at  287.5®,  giving  off  succinic 
acid,  and  at  a  higher  heat,  volatile  acids  and  empyreximatic  oil  of  amber. 

Lac  Resin  is  an  exudation  resulting  from  the  puncture  of  trees  by  the 
female  insect  Coccus  lacca.  The  " stick-lac"  forms  thin  branches  covered 
with  a  brown-red  resin;  *' seed-lac"  is  in  somewhat  rounded  fragments 
detached  from  the  twigs;  "shellac*'  is  the  purified  resin  solidified  in  thin 
layers  of  amber  to  brown  color. 

Guaiac  Resin  is  an  exudation  from  the  bark  of  the  Guaiacum  officinale 
or  melted  out  of  the  heart  wood  by  heat.  Its  alcoholic  solution  is  colored 
blue  on  the  addition  of  ferric  chloride,  chlorine,  chromic  acid,  and  other 
oxidizing  agents.  The  resin  fused  with  caustic  potash  yields  protoca- 
techuic  acid.  Destructively  distilled,  it  yields  guaiacol,  creosol  (see  p. 
619),  and  other  products. 

Dragon's  Blood  is  a  red  resin  obtained  as  an  exudation  from  the  fruit  of  Calamus 
draco,  growing  in  Sumatra,  Borneo,  and  adjacent  islands.  It  may  contain  benzoic 
and  cinnamic  acids  in  small  amounts.  It  is  used  in  colored  varnishes  and  various 
preparations. 

Mastic  (Mastiche)  is  obtained  as  an  exudation  from  incisions  in  the  bark  of 
Pistacia  Icntiscus,  and  is  collected  in  the  island  of  Scio.  It  contains  from  i  to  2 
per  cent,  of  volatile  oil,  together  with  two  resins.  It  is  used  for  cements  and  var- 
nishes. 

Sandarac  is  also  obtained  as  an  exudation.  Is  chiefly  used  for  varnishes  of  the 
alcohol  or  spirit  class. 

« 

Benzoin  (from  Styrax  Benzoin)  is  obtained  from  Sumatra,  Java,  and 
Siam.  It  has  an  aromatic,  acrid  taste  and  an  agreeable  balsamic  odor, 
and  contains  from  12  to  20  or  24  per  cent,  of  benzoic  acid,  cinnamic 
acid,  and  several  resins,  which,  fused  with  caustic  potash,  yield  para- 
oxy benzoic  acid,  protocatechuic  acid,  and  pyrocatechin. 

Xanthorrhcpa  Resin  (Acaroid  or  Botany  Bay  Resin)  is  obtained  in  Australia  from 
Xanthorrhcpa  hastilis.  It  contains  benzoic  acid,  some  cinnamic  acid,  and  resins. 
Is  used  in  the  preparation  of  varnishes. 

2.  Oleo-resins  and  Balsams. — The  oleo-resins  are  mixtures  of  resins 
and  volatile  oils.  Those  liquid  or  soft  products  which  contain  benzoic 
and  cinnamic  acids,  in  addition  to  the  resin,  are  generally  given  the 
special  designation  of  balsams. 
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Turpentines  {Terebinthtnce) . — Under  this  heading  may  be  included  the 
oleo-resins  known  as  common  or  American  turpentine  (from  Pinus 
austrcdis  and  P.  tceda),  French  or  Bordeaux  turpentine  (from  P.  mari- 
tima),  Canada  balsam  (from  Abies  balsamea),  Strassburg  turpentine 
(from  Abies  peciinata),  Venice  turpentine  (from  Larix  Europasa,)  and 
Russian  turpentine  (from  Pinus  sylvestris  and  P.  Ledebourii),  The 
composition  of  these  several  natural  mixtures  has  already  been  stated 
under  Oleum  Terebinthinae   (see  p.  672). 

Burgundy  Pitch  (Pix  Burgundica,  U.S. P.)  and  Canada  Pitch  (Hem- 
lock Pitch)  are  both  natural  oleo-resins,  the  former  exuding  from 
incisions  in  the  Abies  excelsa,  and  the  latter  from  Tsuga  Canadensis, 

Wood  Tar  {Pix  Liquida,  U.S. P.),  on  the  other  hand,  is  a  product  of  the  destruc- 
tive distillation  of  the  wood  of  the  different  species  of  Pinus.  It  is  a  very  complex 
mixture,  containing  pyroligneous  acid,  acetone,  and  methyl  alcohol,  toluene  and 
several  of  its  homologues,  naphthalene,  pyrene,  chrysene,  paraffine,  phenols,  and 
their  esters. 

Juniper  Tar  (see  Oil  of  Cade,  p.  834)  and  Birch  Tar  are  similar  products  of 
destructive  distillation. 

Copaiba  Balsam  (Copaiba,  U.S. P.)  is  the  oleo-resin  of  Copaiba  Langs- 
dorfii,  and  contains,  besides  the  sesquiterpene  caryophyllene ,  resins,  of 
which  one,  copaivic  acid,  Cj^Hj^Oj,  is  crystalline. 

Elemi  is  an  oleo-resin  exuding  from  incisions  in  Canarium  commune^  in  the  Phil- 
ippine Islands.  It  contains,  besides  volatile  oil,  a  mixture  of  resins  (brein,  amyrin, 
bryoiden,  breidin,  and  elemic  acid). 

Gurjun  Balsam  (Wood  Oil)  is  a  liquid  exudation  from  the  species  of  Diptero- 
carpus,  and  contains  volatile  oil,  said  to  be  identical  with  oil  of  copaiba,  and  resin. 

Peru  Balsam  (Balsamum  Peruvianum,  U.S. P.)  is  of  a  syrupy  con- 
sistence and  reddish-brown  color,  with  a  balsamic  and  smoky  odor. 
The  oily  liquid  which  separates  on  agitation  with  caustic  potash,  called 
cinnamein,  is  made  up  of  benzyl  alcohol,  benzyl  benzoate,  and  benzyl 
cinnamate.  The  resin,  which  is  admixed  with  the  oil,  yields  by  dry 
distillation  benzoic  and  cinnamic  acids,  styrene,  and  toluene,  together 
with    styracine    (cinnamyl    cinnamate). 

Tolu  Balsam  (Balsamum  Tolutanum,  U.S. P.)  is  a  balsam  obtained 
from  Toluifera  Balsamum,  a  tree  growing  in  Venezuela  and  New  Grenada. 

The  balsam  is  at  first  semi-solid,  but  becomes  harder  by  age.  It  con- 
tains benzyl  benzoate  and  cinnamate,  free  benzoic  and  cinnamic  acids, 
tolene,  Cjj,H,g,  and  two  resins,  which  make  up  over  80  per  cent,  of  the 
balsam. 

Liquidambar  (Sweet  Gum)  is  an  exudation  from  Liquidambar  siyraciflua.  It  iS 
a  thick  brownish -yellow  liquid  or  solid  resin.  It  contains  a  mixture  of  cinnamic 
esters,  the  hydrocarbon  styrol  (or  cinnamene),  CsHs,  and  two  resins  known  as 
a-storesin  and  /?-storesin. 

Storax  (Styrax,  U.S. P.)  is  a  balsam  obtained  from  Liquidambar 
orientalis.  The  principal  constituent  is  storesin,  C3gH55(OH)3,  and  its 
cinnamic  ester.  Several  other  esters  of  cinnamic  acid,  a  little  vanillin, 
and  styrol  or  cinnamene  are  the  other  constituents. 
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3.  Gum-resins. — These  are  milky  exudations  from  plants,  and  contain 
gum  which  is  wholly  or  partly  soluble  in  water  and  resin  soluble  in  alco- 
hol. Many  gum-resins  also  contain  essential  oil.  Of  this  class  are 
Asafetida  (Asafcetida,  U.S. P.).  It  is  a  gum-resin  obtained  from  the 
root  of  Ferula  fcetida.  It  contains  from  3  to  9  per  cent,  of  volatile  oil 
(containing  sulphur),  20  to  30  per  cent,  of  gum,  and  50  to  70  per  cent,  of 
resin.  This  latter  contains  a  little  ferulaic  acid  (see  p.  635),  on  dry  dis- 
tillation yields  umbelliferon,  and  fused  with  caustic  potash  gives  resor- 
cin  and  protocatechuic  acid. 

Galbanum  is  a  gum-resin  brought  from  Persia.  It  contains  from  6  to  9  per  cent, 
of  volatile  oil,  gum,  and  from  60  to  66  per  cent,  of  resin.  This  latter  also  yields  um- 
belliferon, CeH«Os,  on  distillation,  and  resorcin  on  fusion  with  caustic  potash. 

Sagapenum  is  a  very  closely-related  gum-resin.  ^ 

Ammoniac  (Ammoniacum,  U.S. P.). — A  gum-resin  obtained  from 
Dorema  ammoniacum.  It  contains  volatile  oil  (free  from  sulphur),  gum, 
and  resin.  It  does  not  yield  umbelliferon  on  distillation,  but  does  yield 
resorcin  and  protocatechuic  acid  on  fusion  with  caustic  potash. 

Olihanum  (or  Frankincense)  is  a  gum-resin  exuding  from  the  several 
species  of  Boswellia  in  Eastern  Africa  and  Southern  Arabia.  It  contains 
from  4  to  7  per  cent,  of  essential  oil,  from  56  to  72  per  cent,  of  resin,  and 
about  30  per  cent,  of  gum.  When  burned  it  develops  a  strongly  aro- 
matic odor. 

Myrrh  (Myrrha,  U.S. P.)  is  a  gum-resin  exuding  from  the  Commi- 
phora Myrrha  in  Eastern  Africa  and  Southwestern  Arabia.  It  contains 
from  2  to  4  per  cent,  of  volatile  oil,  from  25  to  40  per  cent,  of  resin,  and 
from  40  to  60  per  cent,  of  gum.  Fused  with  caustic  potash  the  resin 
yields  pyrocatechin  and  protocatechuic  acid.  It  is  used  extensively  in 
the  form  of  tincture  and  powders. 

Bdellium  is  a  gum-resin  very  similar  in  character  to  myrrh. 

Gamboge  (Cambogia,  U.S. P.)  is  a  gum-resin  exuding  as  a  milkv 
juice  from  incisions  in  Garcinia  Hanbtirii,  and  is  collected  in  bamboo 
joints,  and  comes  into  commerce  in  cylindrical  pieces.  It  forms  a  yellow 
emulsion  with  water.  It  contains  16  to  26  per  cent,  of  gum,  66  to  80  per 
cent,  of  resin  or  cqmbogic  acid,  and  about  4  per  cent,  of  wax. 

Ettphorhium  is  an  exudation  from  incisions  in  the  stem  of  the  Euphorbia  rcsini- 
fera  from  Morocco.  It  contains  18  per  cent,  of  gum,  38  per  cent,  of  resin,  some 
starch,  malates,  and  ash. 

Scammony  (Scammonium,  U.S. P.)  is  a  milky  juice  collected  in  West- 
ern Asia  from  the  Convolvutus  Scamnionia.  It  forms  a  greenish  emulsion 
with  water.  It  contains  from  75  to  90  per  cent,  of  resin,  known  as  scam- 
monin,  C^jH^^gO,^,  identical  with  the  orizabin  of  Ipomea  orizabensis,  and 
converted  by  alkalies  into  scammonic  acid,  which  is  soluble  in  water. 
The  rest  of  the  drug  is  gum,  soluble  in  water. 


CHAPTER    X. 

OLUCOSIDBS  — BITTER    AND    NEUTRAL    PRINCIPLES. 

I.     Glucosides. 

Under  this  name  have  been  grouped  a  number  of  compounds,  occur- 
ring mainly  in  the  vegetable  kingdom,  that  under  the  influence  of  dilute 
acids  or  ferments  are  split  up  into  component  parts,  of  which  glucose  or 
a  related  carbohydrate  always  is  one.  The  glucosides  appear  to  be, 
not  esters,  but  ethers,  which,  under  the  treatment  above  referred  to, 
take  up  the  elements  of  water,  and  then  yield  the  glucose  and  other 
products. 

While  sharing  this  method  of  decomposition  in  common  they  show  in 
other  respects  a  wide  divergence.  Thus,  solanin  is  a  nitrogenous  base, 
and  is  thus  at  once  an  alkaloid  and  a  glucoside,  while  other  glucosides, 
like  myronic  acid,  are  of  well-defined  acid  character.  The  most  of  the 
glucosides,  however,  are  neutral  bodies,  although  they  frequently  com- 
bine with  metallic  oxides,  such  as  lead  and  mercuric  oxides.  They  are 
usually  soluble  in  water  and  in  alcohol,  often  insoluble  in  ether,  and 
generally  crystallizable.  On  heating  with  concentrated  sulphuric  acid 
and  the  bile  acids,  the  glucosides  give,  like  the  sugars,  the  Pettenkofer 
bile  reaction, — viz.,  a  deep-red  color.  Alkaline  copper  solution  is  reduced 
by  most,  but  not  all,  of  the  glucosides.  Ammoniacal  silver  solution 
is  reduced  by  glucosides,  as  by  cane-sugar  and  mannitol,  only  after  the 
addition  of  caustic  alkali.  Many  glucosides  are  optically  active,  most 
of  them  showing  a  laevo-rotatory  character.  This  rotatory  power  does 
not,  however,  correspond  in  any  way  to  that  of  the  sugar,  which  is  ob- 
tained by  the  decomposition  of  the  glucoside. 

Glucosides,  as  a  rule,  are  not  decomposed  by  pure  water,  even  on  boil- 
ing or  heating  under  pressure,  but  dilute  acids  readily  effect  the  decom- 
position, sulphuric  and  hydrochloric  being  chiefly  used.  Alkalies  may 
also  effect  the  decomposition,  although  baryta  water  is  better  adapted, 
as  the  stronger  alkali  generally  acts  upon  the  sugar  liberated,  decom- 
posing or  altering  it.  The  splitting  up  of  the  glucosides  is,  however,  often 
best  effected  by  the  action  of  the  ferments,  which  may  act  at  the  ordi- 
nary or  only  slightly  elevated  temperature.  Among  such  ferments  may 
be  mentioned  emulsin,  an  albuminoid  found  in  the  almond;  ntyrosin, 
found  in  mustard-seed;    and  the  ferment  contained  in  the  saliva. 

For  the  extraction  of  glucosides  from  the  plant  it  frequently  suffices 

to  extract  with  water  or  alcohol,  and  to  crystallize  the  glucoside  from 

the  concentrated  extracts  after  decolorizing  with  animal  charcoal;    or 

after  defecating  the  decoction  from  the  plant  with  neutral  acetate  of 

lead,  which  does  not  affect  the  glucoside  as  a  rule,  the  addition  of  basic 

lead  acetate  will  precipitate  it  in  the  form  of  a  weak  combination  readily 

decomposed  by  hydrogen  sulphide.     Tanret  has  proposed  still  another 

68s 
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procedure.  After  leaving  a  finely  pulverized  plant  material  in  contact 
with  milk  of  lime  for  24  hours,  he  extracts  with  distilled  water  in  a  dis- 
placement apparatus,  and  precipitates  these  extraction  liquors  with  a 
concentrated  solution  of  sodiiun  chloride;  the  precipitate  is  dried,  pref- 
erably in  vacuo,  and  extracted  with  chloroform,  which  dissolves  the 
glucoside,  which  can  then  be  crystallized  out. 

The  first  successful  synthesis  of  a  natural  glucoside  was  accomplished 
by  Arthur  Michael  in  1879,  who  caused  acetochlorhydrose  (obtained  by 
the  action  of  acetyl  chloride  upon  glucose)  to  act  upon  the  potassium 
compound  of  salicyl-aldehyde  in  alcoholic  solution,  when  helicin  was 
formed,  and  this,  by  the  action  of  sodium  amalgam,  was  converted  into 
salicin.  The  same  synthesis  led  to  the  formation  of  populin  (benzoyl- 
salicin),  and  the  corresponding  reaction  of  acetochlorhydrose  upon  the 
potassium  compound  of  methyl-hydroquinone  led  to  the  synthesis  of 
methyl-arbutin,  another  naturally  occurring  glucoside.  A  newer  and 
much  more  generally  applicable  method  for  the  synthesis  of  the 
glucosides  has  been  announced*  by  Emil  Fischer.  He  finds  when 
glucose  and  other  sugars  of  the  monosaccharide  class  (see  p.  559)  are 
dissolved  in  an  alcohol,  and  hydrochloric  acid  gas  is  passed  in,  there 
forms  a  glucoside  or  mixed  ether  with  the  elimination  of  water.  This 
reaction  seems  to  be  available  for  all  the  alcohols;  in  the  case  of  glucose 
it  has  been  proved  with  methyl,  ethyl,  propyl,  isopropyl,  amyl,  allyl, 
and  benzyl  alcohols,  as  also  with  ethylene  glycol  and  glycerol.  It  may 
even  be  employed  for  the  hydroxy-acids  (alcohol-acids),  as  was  proved 
by  the  preparation  of  lactic  glucoside.  Where  the  sugar  is  completely 
insoluble  in  the  alcohol,  which  is  the  case  with  many  compounds  of  the 
aromatic  and  terpene  series,  in  place  of  glucose,  acetochlorhydrose,  or 
pentacetyl-glucose,  may  be  employed,  as  both  are  soluble  in  ether,  ben- 
zene and  chloroform.  As  the  bioses  (cane-  and  milk-sugar  and  maltose) 
are  hydrolyzed  by  hydrochloric  acid,  they  cannot  be  converted  in  this 
way  into  glucoside-like  compounds.  These  new  artificial  glucosides, 
like  the  natural  ones,  are  unattackcd  by  boiling  alkalies,  Fchling's  solu- 
tion and  phenyl-hydrazine;  if,  however,  they  be  heated  with  dilute 
acids  they  are  readily  hydrolyzed  into  their  components.  They  are  like- 
wise hydrolyzed  by  the  invertase  of  yeast. 

The  glucosides  which  are  of  more  especial  pharmaceutical  or  medical 
importance  are  the  following: 

Amygdalin,  C^„,H.,7NO,,.3H,0,  is  found  in  bitter  almonds  and  in  the 
kernels  of  fruit.  It  is  extracted  by  alcohol  from  the  compacted  cake  of 
the  almond  after  the  oil  has  been  pressed  out.  It  forms  a  white,  crystal- 
line powder,  of  slightly  bitter  taste,  melting  at  200°.  When  boiled  with 
dflute  acids,  or  when  the  aqueous  extract  of  the  bitter  almond  is  digested 
at  25^-3 5°,  it  is  decomposed  according  to  the  reaction: 

CaoH27NOii     -h     2H2O     ■---     CtHoO     -f     CNH     4      2CeHi20e. 


♦Berichte  der  Chem.  Ges.,  1893,  2400. 
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the  products  being  benzaldehyde,  hydrocyanic  acid,  and  dextrose.  In 
the  latter  case  the  decomposition  is  brought  about  by  the  entulsin,  or 
soluble  ferment,  which  occurs  in  both  the  sweet  and  the  bitter  almond. 

jEsculin,  CisHieOs.iiHgO,  is  found  in  the  bark  of  the  horse-chestnut.  It  forms 
prisms  of  a  bitter  taste,  melting  at  160**,  and  is  decomposed  by  boiling  with  dilute 
acids  or  by  emulsin  into  glucose  and  CBscideiin  (dioxycoumarin)  : 

CisHieOg     +     H2O     ^     CeHwOe     +     CeHe04. 

Arbuiin,  CiaHieOr-JHaO.  and  MeihyUarbutin,  CisHiaO?,  are  contained  in  Arbutus 
Uva-ursi  and  Chimaphila  umbellata  and  other  ericaceous  plants.  Both  are  bitter, 
crystal! izable,  principles,  separable  only  with  difficulty.  Both  are  decomposed 
by  dilute  acids  or  emulsin,  the  former  into  glucose  and  hydroquinone,  and  the 
latter  into  glucose  and  methyl-hydroquinone. 

Carminic  Acid,  CiyHj^O^,,  is  the  coloring  constituent  of  cochineal  (the 
dried  female  insect  Coccus  cacti) ,  and  the  essential  constituent  of  the  com- 
mercial "  carmine,"  obtained  by  extracting  the  cochineal  with  water  and 
precipitating  with  alum.  It  is  an  amorphous,  purplish-red  mass,  solu- 
ble in  water  and  alcohol,  which  on  boiling  with  dilute  acids  is  decomposed 
as  follows: 

C17H18O10        -f         2H2O        -        C11H12O7         I  CeHioOs. 

Carmine-red.  Carmine-sugar. 

Cerebrin  is  a  nitrogenous  glucoside  contained  in  brain-  and  nerve-tissue.  (>n 
boiling  with  dilute  sulphuric  acid  it  yields  galactose  (cerebrose). 

Chitin,  CisHaeNgOio,  is  another  animal  glucoside  found  in  the  outer  shells  of  the 
CrustacecB.  It  is  an  amorphous  substance,  which  when  boiled  with  strong  hydro- 
chloric acid  is  decomp>osea  into  acetic  acid  and  glycosamine,  CeHnOs.NHg. 

Coniferin,  C,gH220g.2H20,  is  a  glucoside  found  in  the  cambial  juice 
of  the  ConifercB  and  in  the  woody  tissue  of  the  sugar-cane.  It  is  decom- 
posed by  emulsin  into  glucose  and  coniferyl-alcohol,  according  to  the  reac- 
tion: 

CieHaaOs     4      HaO     :       CioHwOs      i      CeHwOe. 

When  oxidized  with  chromic  acid  mixture  coniferin  yields  vanillin 
(see  p.  625).  On  the  other  hand,  if  oxidized  by  weaker  agents,  like 
potassium  permanganate,  the  coniferin  is  changed  into  gluco-vanillic 
acid,  Cj^HjgOg,  and  gluco-vanillin,  C,^H,aOy.  By  the  action  of  emulsin 
or  dilute  mineral  acids,  these  artificial  glucosides  are  split  up  into  glucose 
and  vanillic  acid,  or  vanillin,  as  the  case  may, be. 

Convolvulin,  C^jH^^Oig,  and  Jalapin,  CjiH^yOjg,  are  two  glucosides 
contained  in  jalap  resin,  the  former  chiefly  obtained  from  Ipomcea 
orizabensis  (Mexican  male  jalap),  and  the  latter  from  Ipomoea  Jalapa. 
When  jalap  resin  is  boiled  with  dilute  sulphuric  acid  some  time  and  fiP 
tered,  we  obtain  a  mixture  of  jalapinol,  C13H24O3,  and  convolvulinol,  C,g- 

Digitalin. — The  leaves  of  the  foxglove  (Digitalis  purpurea)  yield 
several  medicinally  active  principles  which  are  glucosides,  but  the  true 
composition  of  which  seems  still  to  be  a  matter  of  controversy. 
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The  French  or  crystalline  preparation,  difficultly  soluble  in  alcohol, 
seems  to  consist  chiefly  of  digitoxin,  CgiHg^O^,  which  is  not  a  glucoside. 
On  the  other  hand,  the  German  preparation  is  amorphous  and  easily 
soluble  in  alcohol.  It  contains  digitonin,  C^^VLJdyj,  digitalein,  CjoHj^G,, 
and  di gitalin,  {C^Ilfi^)^'  The  first  of  these  breaks  up  on  boiling  with 
dilute  acids  into  sugar  and  two  compounds,  digitoresin  and  digitonetn; 
the  second  and  the  third  both  break  up  into  glucose  and  digitaliresin. 

Frangulin,  CaiHgoOio,  is  a  glucoside  found  in  the  bark  of  Rhamnus  frangtda. 
It  is  decomposed  on  hydrolysis  into  rhamnose,  CeHiaOs,  and  emodin  (trioxjrmethyl- 
anthraquinone,  CisHioOs. 

Glycyrrhizin,  C^^HgjNOjg,  is  found  in  liquorice-root  (Glycyrrhiza 
glabra)  as  the  acid  ammonium  salt,  C^^Hg2(NH4)NOi8.  The  salt  is  ob- 
tained in  yellowish  scales,  the  free  glycyrrhizic  acid  in  a  gelatinous  mass. 
It  is  decomposed  on  boiling  with  acids  into  glycyrrhetin,  C^H^^NO^.  and 
parasaccharic  acid,  CgH^Og. 

Helicin,  CisHieO?,  is  an  oxidation  product  of  salicin.  It  is  split  up  by  the  action 
of  dilute  acids  or  emulsin  into  salicylic  aldehyde,  C6H4  \  pqxj'  ^^^  dextrose, 
CeHiaOe-    Its  synthesis  by  Michael  has  already  been  described. 

Helleborin,  C^^^fi^,  and  Helleborein,  CggH^Oj^,  are  glucosides  occur- 
ring in  the  roots  of  black  hellebore  (Helleborus  niger)  and  green  hellebore 
(H.  viridis). 

Indican,  C^K^^NOij,  is  a  glucoside  found  in  woad  (I satis  tinctoria). 
It  is  decomposed  by  heating  with  dilute  acids  into  indiglucin,  C^Hj^Og, 
and  indigo-blue,  CgH,jNO.  The  reaction,  however,  is  not  a  complete 
one,  as  other  side-products  are  obtained.  The  so-called  '*indican" 
found  in  the  urine  at  times  is  indoxylsulphuric  acid  (see  p.  639). 

Jalapin  Cj^H^jPig.  in  Jalap  resin,  splits  into  glucose  and  jalapinolic 
acid  C^H^^p.,. 

Myronic  Acid,  C,„H,yNS^O,„,  is  found  in  black  mustard-seed  as  the 
potassium  salt.  The  free  acid  is  unstable.  The  potassium  salt  is  decom- 
posed by  a  ferment,  myrosin,  which  is  found  mainly  in  the  white  mus- 
tard-seeds, according  to  the  reaction: 

CioHisNSaOioK     =     CeHiaOe     ^     KHSO4     -      CsHs.NCS, 

the  products   being  dextrose,  acid  potassiimi  sulphate  and   allylisosul- 
phocyanate     (mustard     oil). 

Phloridzin,  C21H24O10.2H2O,  is  a  glucoside  found  in  the  root-bark  of  the  apple-, 
pear-,  plum-,  and  cherry-tree.  It  forms  silky  needles,  fusing  at  1 06°- 108''.  It  is 
decomposed  by  dilute  acids  into  glucose  and  phhretin,  CieHuOs.  This  latter 
decom^K)sition  product  appears  to  occur  also  ready  formed  in  the  root-bark  of 
the  apple-tree. 

Populin,  CaoHaaOs  or  CisHiTCCeHeCO)©?,  is  benzoyl-salicin,  and  is  found  along 
with  salicin  in  the  bark  and  leaves  of  Populus  tremula.  When  heated  with  dilute 
mineral  acids  it  is  split  into  glucose,  benzoic  acid,  and  saligenin.  It  is  made  syn- 
thetically from  salicin  by  treatment  with  benzoyl-chloride. 

Qiicrcttrin,  C3eH38O20.3H2O,  is  a  glucoside  contained  as  the  coloring  principle  of 
quercitron  bark  (from  Qucrcus  tinctoria).  When  boiled  with  dilute  acids  it  sphts 
up  into  qii^rcetin,  C24HieOii,  and  isodulcitol,  CeHi40e. 


GLUCOSIDES— BITTER  AND  NEUTRAL  PRINCIPLES.    689 

Ruberyihric  Acid,  CjgHjgOj^,  is  the  constituent  of  the  madder-root, 
which  by  its  decomposition  yields  alizarine,  the  reaction  being: 

CaeHasOw     +     2H2O     ^     C14H8O4     -f     zCeHiaOe. 

The  purpurine  of  madder-root  appears  also  to  be  a  decomposition 
product  of  another  glucoside  occurring  naturally  in  the  root. 

Salicin,  CijHjgO^,  is  the  glucoside  of  the  willow-bark,  and  is  contained 
as  well  in  the  young  twigs  and  the  leaves  of  the  tree.  It  is  also  contained 
in  the  poplar  and  in  castoreum.  Its  artificial  production  from  helicin 
has  already  been  mentioned.  When  heated  with  dilute  acids,  or  treated 
with  emulsin,  it  is  decomposed  into  dextrose  and  salt genin  (c7-oxy benzyl 

alcohol,  C,H,  I  cHPh)  • 

Saponin  (Senegin),  CigHg^Oj^,,  is  found  in  many  plants,  as  Saponaria 
officinalis,  Senega,  U.S. P.,  Quillaja,  U.S. P.,  and  others.  It  forms  a 
a  powder,  which  dissolves  in  water  to  form  a  frothy  liquid.  On  boiling 
with  water  it  is  decomposed  into  glucose  and  sapogenin,  Ci^HggOj,  which 

crystalUzes  and  is  insoluble  in  water. 

• 

Sinalbin,  C8oH44NaS80i6,  is  a  glucoside  found  in  the  white  mustard  seed.  It  is 
decomposed  by  the  ferment  myrosin  found  in  the  same  seeds  into  glucose,  sinalbin- 
sulphocyanate  (or  sinalbin -mustard  oil),  C7H7O.NCS,  and  acid  sulphate  of  sinapin, 
CieHjHN05.HS04. 

Solanin,  C4aH76NOi6,  is  a  poisonous  alkaloid-like  glucoside  found  in  the  Sola- 
num  species  and  in  potato-sprouts.  It  forms  crystalline  needles,  melting  at  235**. 
It  is  decomposed  by  dilute  acids  into  dextrose  and  solanidin,  C2eH4iNOfi. 

Xanthorhamnin  (Rhamnin),  C^sHeeOas,  is  the  coloring  matter  of  Rhamnus  in- 
fectoria  and  R.  tinctoria,  and  of  the  so-called  Persian  berries  from  the  same.  On 
heating  with  dilute  acids  the  glucoside  is  decomposed  into  isodulcitol,  CeHuOe.  and 
rhamnetin,  CiaHioOs. 

II.    Bitter  Principles  and  Neutral  Bodies. 

In  this  class  we  include  a  number  of  bitter  principles,  sometimes 
crystallizable,  sometimes  resinous,  the  chemical  nature  of  which  is  not 
as  yet  sufficiently  settled  to  allow  of  their  classification  under  the  proper 
heads,  and  some  vegetable  coloring  principles  found  in  the  natural 
dyewoods  which  are  equally  undetermined  as  to  their  chemical  relation- 
ship.   The  more  important  will  be  enumerated  in  alphabetical  order. 

Alkannin,  C15H14O4,  is  contained  in  alkanna  root  (Anchusa  tinctoria).  It  forms 
a  brownish-red  mass,  which  dissolves  in  alkalies  with  blue  color.  Distilled  with 
zinc-dust  it  yields  methyl-anthracene. 

Aloin,  Ci^HjgOy.iHgO,  is  the  active  constituent  of  aloes.  It  crystal- 
lizes in  yellowish  needles  and  has  a  bitter  taste.  Distilled  with  zinc- 
dust  it  yields  anthracene.  The  benzene  solution  of  aloin,  when  heated 
with  ammonia,  gives  a  violet-red  color. 

Bixin,  CjgHj^Oj,  is  obtained  from  "orlean,**  the  fruit  of  Bixa  orellana. 
It  forms  reddish  scales  melting  at  175^-176°.  It  is  still  extensively  used 
in  dyeing,  as  it  colors  animal  and  vegetable  fibres  yellow  without  the  aid 
of  mordants.  It  is  also  well  known  under  the  name  of  '*annatto**  in  its 
use  in  butter-color  and  the  coloring  of  cheese. 
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Brasilin,  C^^^fl^,  is  obtained  from  Brazil  wood  (Peltophorum  dubium). 
It  forms  amber-yellow  crystals,  *which  dissolve  in  alkalies  with  carmine 
color.  The  red  color  is  developed  by  oxidation  and  is  due  to  the  forma- 
tion' of  hrasilein,  Cj^Hj^O^.  When  fused  with  potassium  hydroxide  it 
yields  resorcin.    It  is  also  used  extensively  in  dyeing  on  wool  and  cotton. 

Cantharidin,  CioHia04,  is  found  in  Spanish  flies  {Lytta  vesicatoria) .  It  forms 
tablets  melting  at  218**.  When  heated  with  phosphorus  penta-sulphide  it  yields 
o-xylol.  When  cantharidin  is  heated  with  alkalies  it  takes  up  the  elements  of  water 
and  forms  cantharidic  acid,  CioHuOs,  an  unstable  acid,  the  potassium  salt  of  which 
is  used  in  medicine. 

Chlorophyll  is  the  name  given  to  the  green  coloring  matter  of  fresh 
vegetation.  It  appears  to  be  a  mixture  of  a  yellow  coloring  matter, 
xanthophyll,  and  a  blue  coloring  matter,  cyanophyll.  A  crystalline  pro- 
duct is  also  obtained,  chlorophyllan,  which  by  reduction  with  zinc-dust 
yields  the  original  chlorophyll. 

Cotdin,  C22Hi80e,  is  obtained  from  the  coto  bark  of  Bolivia.  Forms  pale- yellow 
crystals  melting  at  130**.  When  fused  with  caustic  potash  or  heated  with  concen- 
trated hydrochloric  acid  to  140**,  benzoic  acid  is  split  off. 

Cubebtn,  CioHioOs,  is  obtained  from  cubeb,  the  unripe  fruit  of  Piper  Cubeba.  It 
forms  small  needles  melting  at  125**.  When  oxidized  oy  nitric  acid  it  yields  oxalic 
and  picric  acids;  when  fused  with  caustic  potash  it  yields  acetic  and  protocate- 
chuic  acids. 

Curcumin,  Cj^Hj^O^,  is  the  coloring  principle  of  the  turmeric  root 
(Curcuma  tincioria).  It  forms  yellow  prisms  melting  at  178®.  It  is 
changed  to  a  reddish-brown  by  alkalies,  whence  its  use  as  an  indicator 
for  alkalies.     It  is  used  somewhat  for  dyeing  in  compound  colors. 

Biliary  Pigments. — In  the  bile  and  bilary  calculi  are  found  several 
pigments  of  definite  composition.  The  best  known  are  bilirubin,  C,^- 
Hj^NoOa',  biliverdin,  Ci^Hi^NjO^,;  bilifuscin,  CjgHjyNjO^;  and  biliprasin, 
C,gH22N20,;.  These  biliary  pigments  may  be  recognized  by  Gmelin's  test, 
in  which  nitric  acid  containing  nitrous  acid  is  added,  when  colors 
changing  from  green  to  bluish,  violet,  red,  and  yellowish-red  are  pro- 
duced. Bilirubin  forms  an  insoluble  calcium  compound  which  is  found 
in  biliary  calculi. 

Hcomatoxylin,  CjgH,^Og.3H20,  is  the  coloring  principle  of  logwood 
{Hcomatoxylon  campechianum) .  It  forms  colorless  crystals,  turning  red 
on  exposure  to  light.  Its  solution  is  dextro-rotatory,  and  reduces  Fehl- 
ing's  solution;  it  is  dissolved  by  ammonia  solution  with  a  purplish  color. 
This  solution  absorbs  oxygen  from  the  air,  and  then  deposits  hcvmatein, 
CjgHj20g.  Logwood  and  its  extracts  are  used  extensively  in  dyeing  and 
calico-printing  and  other  applications. 

Litmus,  as  well  as  Orseille  (or  Archil),  results  from  the  fermentation 
of  colorless  compounds  contained  in  certain  lichens.  The  coloring  matter 
of  litmus  appears  to  heazolitmin,  C^H-NO^,  while  that  of  orseille  extract 
is  orcein,  CH-NO.j.  Litmus  acts  like  a  weak  acid,  the  salts  of  which 
are  blue  (the  potassium  compound  existing  in  the  commercial  litmus), 
and  which,  when  set  free  by  acids,  is  reddish  in  color.  Hence  the  use  of 
litmus  as  an  indicator, 
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Picrotoxin,  CsoHmOis,  is  contained  in  the  seed  of  Anamirta  paniculata.  It  crys- 
tallizes in  needles  melting  at  201**;  is  very  bitter  and  poisonous. 

Proiagon,  Cj^^HjogN^POg^,  is  found  in  the  brain.  It  is  soluble  in  warm 
alcohol,  from  which  it  separates  on  cooling  in  fine  crystals.  It  is  decom- 
posed on  boiling  with  baryta  water  into  cerebrin  (see  p.  687)  and  the  de- 
composition products  of  lecithin  (neurin  [see  p.  557],  glycerin- phosphoric 
acid,  and  fatty  acids), 

Quassin,  C82H420io»  is  the  bitter  principle  of  quassia-wood  {Picrctna  excelsa). 
It  forms  colorless  leaflets,  with  an  extremely  bitter  taste.  Its  aqueous  solution 
reduces  Fehling's  solution,  and  is  precipitated  by  tannin. 

Santalin,  C^^K^fi^,  is  the  coloring  principle  of  Red  Saunders,  from 
Pterocarpus  santalintis.  It  forms  reddish  prisms  melting  at  104°.  Solu- 
ble in  alcohol  with  blood-red  color,  in  alkalies  with  violet  color.  It  is 
used  along  with  the  related  woods  (bar-wood  and  cam-wood)  in  dyeing. 

Santonin,  Cj^HigOj  (Santoninum,  U.S. P.),  is  the  active  principle  of 
wormseed  (Artemisia  pauciflora).  It  forms  colorless  prismatic  crystals 
fusing  at  170°.  It  is  the  anhydride  of  santonic  acid,  Cj^H^oO^,  into  which 
it  is  readily  converted  by  bases. 


CHAPTER    XL 

TISSUE-FOftMING    SUBSTANCES.    OR    PROTEID    MATTER. 

The  living  plant  or  animal,  no  matter  how  elementary  its  structure, 
is  largely  composed  of  cells,  of  which  the  invariable  organic  constituents 
are  proteids.  In  plant  tissue  the  proteids  share  their  importance  with 
cellulose  and  its  alteration  products,  but  in  the  animal  tissue  they  are  so 
fundamentally  important  that  it  has  well  been  said  *'  that  they  are  indis- 
pensable constituents  of  every  living  active,  animal  tissue,  and  indis- 
solubly  connected  with  every  manifestation  of  animal  activity.*' 

The  proteids  of  the  animal  body  all  come,  directly  or  indirectly,  from 
vegetable  sources,  the  nitrogenous  or  proteid  principles  of  which  form  an 
important  element  in  our  food.  By  the  action  of  certain  ferments  pres^ 
ent  in  the  alimentary  juices  (p.  572)  all  proteids  are  capable  of  being  con- 
verted into  closely-allied  bodies  called  peptones,  which,  after  absorption, 
are  capable  of  reconversion  into  proteids.  Not  all  the  proteids  of  the 
food  are  so  reconverted,  however,  or  go  to  the  building  up  of  wasting 
proteid  tissues  and  organs;  much  undergoes  decomposition,  producing 
carbon  dioxide,  water,  and  simpler  nitrogen  compounds  like  urea,  CO- 
(NH,),. 

The  various  proteids  are  highly  complex  compounds  of  very  high 
molecular  weight  and  unknown  constitution,  containing  carbon,  hydrogen, 
oxygen,  nitrogen,  and  sulphur,  and  in  some  cases  phosphorus  and  iron, 
in  percentage  composition  ranging  within  the  following  limits: 

c.  H. 

From  50.6  per  cent 6.9 

to  54.5         "  •      •      •      •      7-3 

In  addition  to  these  constituents,  the  proteids,  no  matter  how  care- 
fully purified,  usually  leave  when  ignited  a  small  quantity  of  mineral 
matter,  composed  chiefly  of  alkaline  chlorides  and  phosphates. 

All  of  the  proteids  are  optically  active,  and  their  solutions  are  all  laevo- 
rotatory  in  varying  degree. 

Only  certain  of  the  proteids  are  soluble  in  water;  they  are  all  soluble, 
however,  especially  with  the  aid  of  heat,  in  concentrated  acetic  acid,  and 
in  solutions  of  the  alkali  hydroxides;  they  are  insoluble  in  cold  absolute 
alcohol  and  in  ether. 

CHEMICAL    REACTIONS    OF    THE     PROTEIDS. 

I.     Precipitation  Reactions. 

Slightly  acid  (especially  acetic  acid)  albumin  solutions  are  coagulated 

on  heating,  and  this  change  is  hastened  by  the  presence  of  salts  such  as 

sodium  chloride.     The  temperature  of  coagulation  differs  for  the  difler- 
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ent  proteids,  and  hence  can  be  used  for  their  identification  and  separa- 
tion. On  addition  of  dilute  nitric  acid  most  proteids  give  a  precipitate  of 
yellow  xanthoproteic  acid;  peptones,  however,  do  not  give  the  reactions. 
Potassium  ferrocyanide  in  the  presence  of  an  excess  of-  dilute  acetic  acid 
precipitates  proteids.  From  acetic  acid  solution  proteids  are  also  pre- 
cipitated by  adding  sodium  chloride  and  neutral  salts  of  the  alkalies  to 
saturation.  Trichloracetic  acid  will  precipitate  most  proteids  quantita- 
tively from  solution ;  peptones,  however,  constitute  an  exception.  Most 
of  the  alkaloidal  precipitants  (see  p.  655)  will  also  precipitate  proteid 
compounds. 

II.    Color  Reactions. 

The  albiuninoids,  if  present,  cause  the  solution  to  take  a  yellow  color 
on  addition  of  concentrated  nitric  acid,  constituting  the  "xanthoproteic 
reaction,"  Millon's  reagent,"^  added  to  a  solution  containing  even  a 
trace  of  a  proteid,  and  the  mixture  heated,  causes  a  purple-red  coloration. 
A  mixture  of  i  volimie  of  concentrated  sulphuric  acid  and  2  volumes  of 
glacial  acetic  acid,  when  heated,  causes  proteids  to  assume  a  violet-red 
color.  Glue,  however,  does  not  show  this  change.  This  is  known  as 
'*  Adamkiewicz's  reaction.*'  Many  proteids,  treated  with  sodium  hy- 
droxide and  a  few  drops  of  copper-sulphate  solution,  show  in  the  cold  a 
reddish-violet  color.  This  develops  most  readily  with  peptones;  with 
other  proteids  heat  must  be  applied.  It  is  known  as  the  "Biuret  re- 
action." If  albumin  is  precipitated  with  alcohol  and  washed  with  ether, 
it  gives  a  deep  violet  color  when  heated  with  hydrochloric  acid.  This  is 
"  Liebermann*s  reaction." 

III.     Products  of  Decomposition  and  Digestive  Action 

ON  Proteids. 

1.  Action  of  Heat  alone. — When  submitted  to  dry  distillation  the 
proteids  yield  the  product  known  as  Dippel's  oil  (see  p.  647),  which  con- 
tains ammonium  salts  of  the  fatty  acids,  like  butyric,  valeric,  and  cap- 
roic,  amines  of  the  radicals  of  the  paraffin  series,  like  methylamine,  etc., 
aromatic  compounds  like  aniline  and  phenol,  and,  lastly,  the  pyridine 
and  quinoline  bases. 

2.  Action  of  Oxidizing  Agents. — Manganese  dioxide  and  sulphuric 
acid  or  potassiimi  bichromate  and  sulphuric  acid  acting  upon  the  proteids 
produce  cyanides,  aldehydes,  and  acids  of  both  the  aromatic  and  the 
fatty  groups.  Nitric  acid,  as  before  stated,  produces  at  first  xanthoproteic 
acid,  and  by  continued  action  oxybenzoic  and  paraoxybenzoic  acids. 
Chlorine  acting  upon  proteids  produces,  among  other  products,  fumaric 
and  oxalic  acids.  Bromine  and  water,  when  heated  with  proteids  under 
pressure,  cause  the  formation  of  carbon  dioxide,  aspartic,  oxalic,  and 
bromacetic  acids,  leucine,  bromoform,  bromanil,  and  other  products. 


♦  Millon's  reagent  is  made  by  dissolving  i  part  by  weight  of  mercury  in  2 
parts  of  nitric  acid  of  specific  gravity  1.42,  and,  after  complete  solution,  diluting 
each  volume  of  the  liquid  with  two  volumes  of  water. 
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3.  Action  of  Strong  Acids  and  Caustic  Alkalies. — Prolonged  boil- 
ing with  sulphuric  and  hydrochloric  acid,  and  fusion  with  caustic 
alkalies  give  rise  to  practically  the  same  products,  among  which  are 
ammonia,  acetic  and  valeric  acids,  amido-acids  like  leucine  (see  p.  537) 
and  tyrosine,  and  indol  and  skatol  (see  p.  640). 

4.  Action  of  Dilute  Mineral  Acids. — Under  the  influence  of  dilute 
sulphuric  acid  (or  hydrochloric  acid  in  the  presence  of  stannous  chloride) 
hydrolysis  ensues  and  a  variety  of  products  are  obtained.  Among  these 
we  have  belonging  to  the  class  of  methane  derivatives  leucine,  aspartic 
acid,  glutamic  acid,  and  furfurol,  and  to  the  class  of  benzene  derivatives 
tyrosine  (see  p.  632)  and  phenyl-amido- propionic  acid. 

5.  Decomposition  under  the  Influence  of  Putrefactive  Fer- 
ment.— Reference  was  made  to  the  decomposition  of  albimiinoid  matter 
under  the  influence  of  bacteria  (see  p.  574).  The  first  effect  on  the  albu- 
minoids is  a  peptonization  and  then  a  formation  of  products  such  as  have 
been  just  mentioned  under  the  two  preceding  cases  of  decomposition. 
In  this  case  ammonia  and  hydrogen  sulphide  are  also  among  the  products 
of  decomposition.  In  the  putrefaction  of  gelatin  or  glue,  instead  of  tyro- 
sine, we  have  glycocoU  as  the  product.  Under  certain  pathological  con- 
ditions this  putrefactive  change  of  albtiminoids  may  take  place  in  the 
intestines. 

6.  Digestive  Action  on  Proteids. — In  general,  the  effect  of  digestive 
action  is  to  change  proteids  under  the  influence  of  enzymes  into  albu- 
moses  and  peptones.  In  the  digestive  action  of  the  stomach  little  true 
peptone  is  formed,  but  much  albumose,  while  in  the  action  of  the  pan- 
creas the  opposite  result  takes  place.  Very  energetic  action  of  the  pan- 
creatic ferment  (see  p.  572)  changes  the  hemipeptones  still  further  into 
amido-acids  like  tyrosine  and  leucine. 

CLASSIFICATION    OF    PROTEID   COMPOUNDS. 

As  the  constitution  of  these  compounds  is  still  so  entirely  obscure,  it 
is  not  possible  to  establish  more  than  a  provisional  grouping  of  them. 
The  scheme  generally  accepted  by  the  best  authorities  is  as  follows: 

I.  True  Albuminoids,  including:  i,  Albumins;  2,  Globulins;  3, 
Alkali -albuminates  and  Acid-albumi  nates;  4,  Coagulated  Albumifioids ; 
5,  Albumoses  and  Peptones. 

II.  Nucleo-albumins. 

III.  Proteids,  including:  i,  Glucoproteids  («,  Mucins  and  Mucoids, 
and  ?,  Hyalogens);    2,  Chr  onto  proteids  (Hcemoglobins), 

IV.  Gelatinoids,  including:  i,  Keratins;  2,  Collagen  and  Glue;  3, 
Elastin;  and  4,  Amyloid  (Lardacein). 

I.     True  Albuminoids. 

These  are  free  from  phosphorus  or  contain  it  as  calcium  phosphate 
only;  are  readily  peptonized  (with  the  exception  of  the  peptones,  of 
course) ;  yield,  when  decomposed  by  acids  or  allowed  to  putrify,  amido- 
acids;    soluble  in  dilute  alkalies  and  acids  (with  the  exception  of  the 
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coagulated  albuminoids).     They  occur  in  animal  and  vegetable  tissues 
and  liquid  secretions. 

1.  Albumins. — These  are  soluble  in  water,  dilute  acids,  and  alkalies. 
The  aqueous  solution  coagulates  on  heating  in  case  neutral  salts  like 
sodiimi  chloride  or  magnesium  sulphate  are  present.  If  freed  from  salts 
(by  precipitation  of  the  insoluble  copper  compound  and  treatment  of 
this  with  strong  potassium  hydroxide)  they  do  not  coagulate  on  boiling. 
The  solution  may  be  completely  precipitated  by  saturating  it  with 
ammonium  sulphate  or  with  sodium  chloride  followed  by  acetic  acid. 
As  varieties  of  this  class  we  may  mention  : 

Serum  Albumin  occurring  in  the  blood,  chyle,  and  lymph.  Its  solutions 
show  a  specific  rotatory  power  of  — 56°,  and  are  coagulable  at  tempera- 
tures of  from  50**  to  90°,  according  to  the  solvent. 

Egg  Albumin  is  found  in  the  white  of  egg.  Its  specific  rotatory  power 
is  — 35.5°,  and  its  temperature  of  coagulation  about  56^.  White  of  egg 
contains  about  12  per  cent,  of  albumin,  and  may  be  evaporated  in  thin 
films  at  ordinary  temperatures  without  losing  its  transparency  or  solu- 
bility in  water. 

Muscle  Albumin  exists  in  several  varieties,  coagulating  nt  about  47°. 

Milk  Albumin  (lactalbumin)  is  found  in  milk  of  various  animals  in 
amount  from  0.5  to  i  per  cent,  and  remains  in  the  whey  after  the  coagula- 
tion of  the  casein  by  rennet.     Its  point  of  coagulation  ranges  from  72° 

to  84°. 

2.  Globulins. — ^These  are  insoluble  in  water,  but  soluble  in  dilute 
solutions  of  salts  like  sodium  chloride,  ammonium  chloride,  and  sodium 
stdphate.  The  solutions  coagulate  on  boiling,  and  are  completely  pre- 
cipitated by  saturation  with  ammonium  sulphate.  With  the  exception 
of  vitellin,  they  are  precipitated  by  saturating  the  solution  with  common 
salt.     As  varieties  we  have: 

Vitellin. — Obtained  from  the  yoke  of  egg  (Vitellus,  U.S. P.),  by  ex- 
tracting the  fats  and  ^holesterin  with  ether,  dissolving  the  white  residue 
in  common  salt  solution,  and,  after  filtration,  precipitating  by  the  addi- 
tion of  water.  It  is  difficult  to  free  it  from  the  lecithine  which  accom- 
panies it  in  the  egg  yoke.     It  coagulates  at  about  7  5**  and  is  laevo-rotatory . 

Plant  viteUins  are  also  obtained  from  beans,  peas,  almonds,  white  mustard,  and 
com.  The  aleurone  grains,  obtained  from  Brazil-nuts  and  other  sources,  seem 
to  represent  a  crystalline  albuminoid  or  a  compound  of  an  albuminoid  with 
magnesia. 

Crystallin,  from  the  crystalline  lens  of  the  eye,  is  probably  identical  with  vitellin. 

Myosin  is  the  product  of  the  clotting  of  muscle  plasma.  It  coagulates  in  10 
per  cent,  sodium  chloride  solution  at  55^-56®.  The  substance  in  the  plasma  gener- 
ating the  myosin  is  called  myosinogen. 

Plant  myosins  are  also  fotmd  in  vegetable  protoplasm. 

Fibrinogen  is  found  in  blood  plasma,  in  chyle,  lymph,  and  serous  fluids, 
and  at  times  in  transudations.  In  the  clotting  of  blood  it  is  converted 
into  fibrin.  This  change  takes  place  under  the  influence  of  a  soluble 
fibrin  ferment  acting  in  the  presence  of  neutral  salts.  It  coagulates  in  10 
per  c^nt.  salt  solution  at  55°. 
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Serum  Globulin  (Paraglobulin  or  Fibrino-plastin)  is  fotind  in  blood 
plasma  and  blood  serum,  as  well  as  in  chyle,  lymph,  and  serotis  fluids. 
It  is  incompletely  precipitated  by  saturating  the  fluid  with  common  salt. 
Its  temperature  of  coagulation  when  in  10  per  cent,  sodium  chloride 
solution  is  75°. 

3.  Alkali-albuminates  and  Acid-albuminates. — Albimiinoids  are 
converted  more  or  less  rapidly  by  the  action  of  alkalies  and  acids  into 
the  two  classes  above  named. 

The  acid  albuminates  form  jelly-like  masses  which,  while  not  readily 
soluble  in  pure  water,  dissolve  easily  in  acidified  water.  These  acid  solu- 
tions do  not  coagulate  on  boiling,  but  are  precipitated  by  neutralization 
or  adding  neutral  salts  to  the  solution. 

Syntonin  is  an  acid  albuminate  prepared  by  the  action  of  o.i  per  cent,  hydro- 
chloric acid  upon  muscle  globulin.  Frequently  the  whole  class  of  acid  albuminates 
are  termed  "syntonins. " 

The  alkali-albuminates  are  not  mere  solutions  of  the  albuminoids  in 
alkali,  but  show  a  difference  in  percentage  composition  from  the  albu- 
minoids from  which  they  have  been  formed.  This  is  because  the  alkali 
acts  upon  the  albuminoid  sufficiently  to  cause  a  splitting  off  of  the  nitrogen 
as  ammonia  and  a  loss  of  sulphur  due  to  the  formation  of  alkali  sulphide. 

Lieberkuhn* s  Alkali-albuminate  is  a  gelatinous  mass  insoluble  in  ptire  water, 
but  soluble  in  dilute  alkalies,  which  is  obtained  by  the  action  of  strong  potassiimi 
hydroxide  solution  upon  egg  albumin. 

4.  Coagulated  Albuminoids. — These  are  formed  by  heating  the  neu- 
tral or  slightly  acid  solutions  of  albumins  and  globulins.  Prolonged 
action  of  strong  alcohol  also  causes  coagulation  of  proteids.  The  coagu- 
lated albuminoids  are  insoluble  in  water,  dilute  acids,  and  alkalies.  By 
the  action  of  the  gastric  or  the  pancreatic  juice  they  are  converted  into 
peptones  at  the  temperature  of  the  body,  and  then  go  into  solution.  The 
coagulation  of  albuminoids  must  be  distinguished  from  precipitation  by 
neutralization  or  the  addition  of  salts.  In  the  latter  case  the  precipi- 
tate still  retains  the  properties  possessed  by  the  body  when  in  solution; 
in  the  case  of  coagulation  it  is  no  longer  capable  of  being  changed  back 
into  the  original  proteid  material. 

Fibrin  is  formed  by  the  action  of  the  fibrin  ferment  upon  fibrinogen 
(see  p.  695).     It  is  a  white,  elastic  solid  made  up  of  fibre  bundles. 

Gluten  results  probably  by  the  action  of  an  enzyme  (the  gluten  ferment) 
upon  the  globulin  material  of  the  flour.  Gluten  is,  however,  believed 
to  be  a  mixture  of  gluten-fibrin,  gliadin  (vegetable  glue),  and  mucedin. 

5.  Albumoses  and  Peptones. — Pepsin  (see  p.  572),  in  dilute  hydro- 
chloric acid  solution  and  trypsin  (see  p.  572)  in  alkaline  solution  both 
have  the  power  of  "  peptonizing'*  proteids.  If  the  peptone  solution  so 
obtained  be  freed  from  unchanged  albumin  by  coagulation  and  neutrali- 
zation, we  can  in  the  filtrate  precipitate  the  albumoses  by  saturating 
with  ammonium  sulphate,  while  the  peptones  remain  in  solution.  The 
albumoses  are  probably  the  first  products  of  the  action  of  enzymes  upon 
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proteids,  and  the  continuance  of  the  action  changes  them  into  peptones. 
Besides  the  difference  in  solubility  in  ammonium  sulphate  just  stated, 
we  may  distinguish  between  the  two  classes  also  by  the  addition  of  potas- 
sium ferrocyanide  to  acetic  acid  solution,  albumoses  being  precipitated 
and  peptones  not,  or  the  addition  of  common  salt  to  saturation  of  the 
acetic  acid  solution,  when  albumoses  are  precipitated  while  peptones  are 
not.  At  least  two  kinds  of  albumoses  are  to  be  distinguished:  anti- 
albumose  and  hemi-albumose ,  to  each  of  which  corresponds  a  peptone, 
named  therefore  anti-peptone  and  hemi-pepione  respectively.  The  first 
of  these  peptones  cannot  be  further  changed,  while  the  latter  (hemi- 
peptone)  is  changed  by  trypsin  into  leucine  and  tyrosine. 

As  a  ready  stated  (see  p.  692),  the  peptones,  after  absorption  into  the 
blood,  are  capable  of  reconversion  into  proteids  or  tissue-forming  material. 

The  formation  of  poisonous  albumoses,  or  **toxalbumens,"  as  a  pro- 
duct o:  decomposition  of  proteid  matter  in  the  body  has  already  been 
referred  to  (see  p.  670). 

II.       NUCLEO-ALBUMINS. 

These  conta  n  phosphorus,  and,  at  times,  also  iron.  They  are  decom- 
posed by  artificial  digestion  with  pepsin  into  peptones  and  nucleins. 

X.  Vitellin,  previously  described  under  the  globulins,  may  belong  here,  as  by 
the  pepsin  digestion  a  nuclein  is  separated  from  it. 

2.  Casein  is  found  only  in  the  milk  of  mammalia.  It  is  insoluble  in 
water,  soluble  in  dilute  alkali  and  in  an  excess  of  hydrochloric  or 
sulphuric  acid.  The  caseins  of  cow's  milk  and  human  milk  show,  how- 
ever, slight  differences  of  solubility,  as  well  as  in  the  appearance  of  the 
precipitate  obtained  by  the  addition  of  dilute  acids. 

Casein  is  not  coagulated  by  heat  alone,  a  film  forming  in  this  case. 
The  ferment  rennin  (see  p.  572),  however,  readily  coagulates  it  in  the 
presence  of  the  accompanying  calcium  phosphate,  as  do  gastric  and  pan- 
creatic juice;  but  in  milk  freed  from  the  salts  normally  present,  rennin 
will  not  cause  the  formation  of  a  curd. 

The  artificial  digestive  action  of  pepsin  and  hydrochloric  acid  decom- 
poses casein  at  the  temperature  of  the  blood  into  peptone  and  nuclein. 

Other  nucleo-albiunins  are  found  in  the  synovial  fluid,  in  the  kidneys, 
and  in  urine. 

Nucleins. — ^These  are  bodies  containing  phosphorus  which  are  closely 
related  to  the  albuminoids,  and  are  either  found  in  animal  and  vegetable 
cells,  or  are  formed  by  the  decomposition  of  nucleo-albumins  under  the 
influence  of  pepsin  and  hydrochloric  acid.  They  are  insoluble  in  alcohol 
and  ether,  scarcely  soluble  in  water,  but  easily  soluble  in  dilute  alkalies. 
By  boiling  with  alkali  they  lose  their  phosphorus,  which  splits  off  as 
alkali  phosphate.  Dilute  mineral  acids  split  off  at  ordinary  tempera- 
tures metaphosphoric  acid  from  certain  nucleins,  as  in  the  yolk  of  egg 
and  yeast.  By  boiling  the  nuclein  of  yeast  with  dilute  acids  xanthine, 
hypoxanthine,  and  adenin  (see  p.  583)  are  formed. 
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III.     Proteids. 

The  proteids  are  broken  up  by  appropriate  reagents  into  the  two  classes 
albiiminoid  and  non-albtuninoid  compounds  (carbohydrates  or  coloring 
matters).  According  to  the  character  of  these  latter  products,  they  may 
therefore  be  divided  into  two  groups,  Glucoproieids  and  Chromo-proieids, 

1.  Glucoproteids. — These  yield  on  decomposition  with  dilute  acids, 
along  with  albuminoids,  reducing  compotmds  of  the  class  of  carbohy- 
drates, or  substances  easily  convertible  into  reducing  carbohydrates. 

(a)  Mucins  and  Mucoids. — The  mucins  are  precipitated  from  their  solutions 
by  acetic  acid,  and  the  precipitates  so  obtained  are  not  soluble  in  excess  of  the  pre- 
cipitant. When  boiled  with  dilute  mineral  acids  they  yield  reducing  substances. 
Tne  solutions  of  the  true  mucins  are  ropy  in  character.  Those  glucoproteids  which 
form  ropy  solutions  but  are  not  precipitated  by  acetic  acid,  have  been  named 
mucoids.  Mucins  and  mucoids  are  found  in  the  submaxillary  gland  and  the  sub- 
maxillary saliva,  in  the  mucous  gl^ids  of  the  air-passages  and  of  the  intestines, 
in  the  umbilical  cord,  and  in  the  sinews  and  tendons. 

(6)  Hyalogcns. — These  are  little-investigated  substances  which  are  foimd  in 
the  skeletons  of  lower  forms  of  animal  life.  By  the  action  of  alkalies  they  are  changed 
into  hyalines,  from  which,  by  more  complete  decomposition,  reducing  compoimds 
(possibly  carbohydrates)  are  obtained. 

2.  Chromoproteids. — These  compounds  break  up  into  albimiin  and 
coloring  matter.  The  most  important  representatives  of  this  class  are 
the  HcBtnoglobins,  or  coloring  matters  of  the  blood.  The  parent  sub- 
stance of  these  compounds  is  Oxyhcsmoglobin,  as  the  compotmd  of  haemo- 
globin with  oxygen  which  occurs  in  arterial  blood  is  called.  To  prepare 
it  defibrinated  blood  is  treated  with  ten  times  its  volume  of  a  salt  solution 
(made  by  adding  i  volume  of  saturated  salt  solution  to  10  volumes  of 
water).  The  blood-corpuscles  which  settle  out  are  freed  from  the  salt 
solution  by  pouring  this  off;  2  volumes  of  water  are  added,  and  it  is  then 
shaken  with  an  equal  amount  of  ether.  The  ethereal  layer  is  poured  off 
and  the  aqueous  layer  filtered.  The  filtrate  is  precipitated  by  the  addi- 
tion of  \  its  volume  of  alcohol,  and  allowed  to  stand  at  a  temperature  of 
— 5°.  The  composition  of  the  oxy haemoglobin  crystals  from  the  blood 
of  different  animals  varies  slightly,  but  the  average  composition  is  ex- 
pressed by  the  formula  Cg^^H9gyN,,^,FeS;,0,,y.  Oxy haemoglobin  obtained 
from  the  blood  of  man  and  the  majority  of  the  lower  animals  crystallizes 
in  prisms  or  rhombic  plates  of  a  beautiful  blood-red  color.  The  crystals 
are  soluble  in  water,  and  the  solution,  if  not  too  concentrated,  shows 
two  absorption  barids  between  the  lines  D  and  E  of  the  spectrum,  which 
are  visible  with  a  dilution  of  even  tt^^tttf-  ^^  ^  temperature  of  from  60° 
to  70°  oxy  haemoglobin  splits  up  into  albumin  and  haematin.  One  mole- 
cule of  oxygen  is  held  loosely  combined  in  oxy  haemoglobin,  and  is  given 
off  in  a  vacuum  or  may  be  displaced  by  inert  gases  like  nitrogen.  The 
resulting  compound  is  reduced  hcetnoglohin^  which  is  present  in  venous 
blood,  and  results  also  from  the  putrefactive  decomposition  of  oxy- 
haemoglobin.  Its  aqueous  solution  shows  a  broad  absorption  band  be- 
tween D  and  E.  Haemoglobin,  by  absorption  of  oxygen  in  the  lungs, 
is  changed  into  oxy  haemoglobin.  It  also  combines  even  more  readily 
with  certain  other  gases,  such  as  carbon  monoxide,  nitrogen  dioxide,  and 
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hydrogen  cyanide.  Carbon-monoxide-hcBmoglobin  is  a  compound  of  i 
molecule  of  CO  and  i  molecule  of  haemoglobin.  Its  aqueous  solution  also 
shows  absorption  bands  in  the  spectroscope  which  differ  in  position  from 
those  of  oxy haemoglobin,  being  nearer  the  violet  end  of  the  spectrum. 
It  may  also  be  distinguished  from  oxyhaemoglobin,  according  to  Hoppe- 
Seyler*s  test,  by  adding  an  equal  volume  of  sodium  hydroxide  solution  of 
1.3  sp.  gr.  The  carbon  monoxide  compound  is  changed  hereby  to  a 
clear  red  color,  while  ordinary  blood  is  changed  to  a  brownish  mass. 

HcBtnatin,  C^^Hj^N^FeO^,  is  the  colored  decomposition  product  of 
the  haemoglobin.  It  is  formed  by  the  action  of  acids  upon  the  blood,  and 
by  the  decomposition  of  haemin  by  an  alkali  hydroxide.  It  is  an  amor- 
phous, brownish-black  powder,  insoluble  in  water,  alcohol,  and  ether, 
easily  soluble  in  alkalies.  Its  alkaline  solution  shows  a  single  broad  ab- 
sorption band  extending  from  between  C  and  D  to  near  E  of  the  spec- 
trum. The  acid  solution  shows  several  narrow  bands,  instead  of  the 
broad  band  just  mentioned.  Haematin  forms  a  crystalline  hydrochloride, 
Cj^HjsN^FeOj.HCl,  known  as  HcBmin,  These  crystals  are  often  ob- 
tained in  examining  dried  blood-spots.  The  dried  matter  supposed  to  be 
blood  is  warmed  in  a  watch-crystal  with  common  salt  and  glacial  acetic- 
acid.  On  evaporating  the  solution  on  a  water-bath  characteristic  crystals 
of  haemin  are  obtained.  Haemin  forms  a  crystalline  powder  of  silky  lustre 
and  bluish-black  color,  which  is  insoluble  in  water,  alcohol,  and  ether, 
but  soluble  in  dilute  alkali,  acidified  alcohol,  and  hot  glacial  acetic  acid. 

By  the  action  of  concentrated  sulphuric  acid  upon  haematin  in  the  presence  of 
oxygen  is  formed  htFtnoporphyrtn,  and,  by  the  action  of  the  same  acid  upon 
hasmatin  in  the  absence  of  oxygen,  hcematolin,  both  of  which  substances  are  free 
from  iron. 

IV.   Gelatinoids. 

We  include  here  several  groups  of  insoluble  substances,  which  are 
attacked  with  difficulty  by  digestive  ferments,  and  differ,  therefore, 
from  the  other  tissue-forming  materials. 

I.  Keratins  (or  homy  substances). — These  compounds  are  found  in 
the  epithelial  tissues,  nails,  hair,  horns,  and  hoofs,  and  in  feathers.  They 
contain  carbon,  hydrogen,  oxygen,  nitrogen,  and  sulphur,  the  percen- 
tage of  the  last-named  element  varying  considerably  and  being  very 
loosely  combined.  These  keratins  are  insoluble  in  water,  alcohol,  ether, 
dilute  acids,  and  alkalies.  They  are  hardly  attacked  by  digestive  fer- 
ments, but  are  decomposed  by  boiling  with  water  under  pressure,  hydro- 
gen sulphide  being  evolved.  When  boiled  with  strong  acids,  leucine, 
tyrosine,  and  aspartic  acid  are  formed. 

Keratin,  when  prepared  from  feathers,  forms  a  brownish-yellow 
powder,  soluble  in  concentrated  acetic  acid,  alkalies,  and  ammonia, 
which  has  been  recommended  for  coating  pills,  so  as  to  enable  them  to 
withstand  the  digestive  liquids  of  the  stomach,  and  to  act  only  when  in 
the  intestines. 

Neurokeratin  is  a  variety  which  has  been  isolated  from  the  nerves  and  brain* 
tissue. 
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Spongin  is  the  substance  of  the  common  bath-sponge.  When  decomposed  by 
acids  it  yields  tyrosine,  leucine,  and  glycocoU. 

Silk  consists  of  fibroin,  Ci^H^-jN-O^,  which  is  covered  with  an  alteration 
product  known  as  sericin  (or  silk-glue),  Cj^H^j^N^^O^.  The  latter  is  easily 
removed  by  warm  soap-water,  and  its  solution  so  obtained  constitutes 
the  **boiled-off  "  liquor  of  the  silk-dyer.  Fibroin  is  decomposed  by  acids, 
yielding  glycocoll,  alanine,  leucine,  and  tyrosine. 

Cerehrin  and  Chitin,  which  may  be  included  here,  have  already  l>een  described 
(see  p.  687). 

2.  Collagen. — ^The  white  fibres  of  connective  tissues  (sinews  and 
tendons)  are  mainly  composed  of  a  substance  now  generally  termed 
collagen.  Its  most  important  reaction  is  the  change  into  gelatin  when 
boiled  with  water.  Bones  also  contain  a  substance,  ossein,  which  under- 
goes a  similar  change.  The  solutions  obtained  in  these  cases  '*  gelatinize  " 
or  set  to  a  jelly-like  mass  on  cooling,  and  this,  if  carefully  dried,  forms 
the  commercial  gelatin,  or  gltie.  Solutions  of  gelatin  are  precipitated  by 
a  number  of  alkaloidal  reagents  (see  p.  655).  Pepsin  or  trypsin  converts 
gelatin  into  gelatine-peptones,  and  certain  micro-organisms  have  also 
the  power  of  liquefying  and  decomposing  it.  When  decomposed  by  acids 
gelatin  yields  ammonia,  glycocoll,  leucine,  and  glutamic  acid,  but  not 
tyrosine  or  iodol. 

Hoffmeister  has  found  that  by  heating  gelatin  for  some  time  to  130** 
it  loses  about  0.755  P^^  cent,  of  water,  and  becomes  converted  into  a 
body  in  all  respects  identical  with  collagen.  He  therefore  considers 
that  collagen  is  simply  the  anhydride  of  gelatin,  and  ascribes  to  them 
the  formulas  Cj^^Hj^jN^^Ogg  for  gelatin,  and  Cj^^Hj^gN^jOy  for  collagen. 

Chondrin,  formerly  considered  to  be  the  gelatigenous  material  of  tissues,  is  now 
considered  to  be  a  mixture  of  gelatin  with  chondromucoid  and  chondroitic  acid. 

3.  Elastin. — When  connective  tissue  is  treated  with  acetic  acid  the 
white  fibres  swell  up  and  become  transparent,  whilst  the  elastic  fibres 
remain  unaltered,  and  can  be  seen  very  distinctly.  Prolonged  boiling  with 
water  also  decomposes  the  collagen  of  the  white  fibres  and  leaves  the 
elastin.  So  far  as  is  known  elastin  is  not  soluble  in  any  liquid  which  does 
not  decompose  it.  It  is  soluble  in  boiling  potassium  hydroxide,  in  cold 
concentrated  sulphuric  acid,  and  in  concentrated  nitric  acid.  It  is  also 
gradually  dissolved  when  digested  with  pepsin  and  trypsin.  With  sul- 
phuric acid  it  yields  leucine,  but  no  tyrosine. 

4.  Amyloid  (Lardacein)  is  a  proteid  substance  found  under  patho- 
logical conditions  in  the  liver,  spleen,  kidneys,  and  intestines.  It  forms 
small  grains  somewhat  resembling  starch  granules,  whence  the  name. 
It  is  acted  upon  by  pepsin  and  hydrochloric  acid  with  great  difficulty. 
When  dissolved  in  alkalies  it  yields  an  alkali-albuminate,  and  with  con- 
centrated hydrochloric  acid  yields  an  acid-albuminate.  It  is  colored 
reddish-brown  with  iodine,  and  violet  with  iodine  and  sulphuric  acid. 


CHAPTER    XII. 

ELECTROLYSIS     AND     ITS     APPLICATIONS. 

Conditions  of  Electrolysis. — ^The  substance  to  be  electrolyzed 
must  be  in  a  liquid  condition,  obtained  either  by  solution  or  by  lique- 
faction. It  must  be  a  conductor,  and  a  compound  resolvable  under  the 
influence  of  the  current  into  ions  of  opposite  electric  charge.  Increase 
of  temperature  increases  electric  conductivity  and  electrolytic  action 
in  fluids,  while  with  metals  the  reverse  is  the  case.  When  electrolysis 
is  employed  for  the  deposition  of  metals,  as  in  electroplating,  the  rapidity 
of  action  greatly  influences  the  structure  of  the  deposited  metal.  The 
metallic  elements  separate  at  the  cathode,  hence  are  electro-positive, 
while  the  non-metals  collect  at  the  anode,  and  are  therefore  electro- 
negative. When  pure,  water  resists  the  electrolytic  action  of  the  strong- 
est currents;  however,  when  slightly  acidulated  with  sulphuric  or 
hydrochloric  acid,  resistance  is  reduced  and  decomposition  takes  place 
readily.  Since  water  is  employed  as  the  solvent  in  solutions  of  chemi- 
cals, their  electrolysis  involves  the  simultaneous  decomposition  of  the 
water.    This  important  factor  must  not  be  overlooked. 

Action  of  Electrolytes  on  the  Electrode. — The  material  of 
which  the  electrodes  are  composed  depends  largely  upon  the  nature  of 
the  work  to  be  performed.  Such  metals  as  copper,  mercury,  lead,  nickel, 
and  iron  are  employed  in  special  cases,  while  carbon  (retort  carbon), 
where  applicable,  is  more  generally  used  because  of  its  cheapness  and 
comparative  resistance  to  the  destructive  action  of  certain  gases  evolved 
and  the  compounds  formed.  Platinimi,  while  it  resists  to  the  greatest 
extent  the  corrosive  action  of  acids,  gases,  and  alkalies,  is  too  expensive 
for  commercial  use.  We  find  carbon  employed  in  the  electrolytic  prepar- 
ation of  caustic  alkalies,  metallic  sodium,  chlorinated  soda,  potassium 
chlorate,  etc.,  while  examples  of  the  former  class  may  be  cited  in  the 
following:  in  the  electric  refining  of  copper,  the  impure  metal  forms  the 
anode,  while  a  thin  strip  of  pure  metal  serves  as  the  cathode,  upon  which 
the  metal  is  deposited;  in  electroplating  with  such  metals  as  gold,  silver, 
and  nickel,  the  anode  is  of  the  same  material  as  we  wish  to  deposit  on  the 
base  metal  which  is  attached  to  the  cathode;  by  employing  mercury  as 
the  cathode,  amalgams  with  such  metals  as  bariimi,  sodium,  lithium,  etc., 
may  be  obtained;  metallic  calcium,  strontium,  etc.,  may  be  obtained 
by  placing  saturated  solutions  of  their  salts  in  a  porous  earthenware  cup 
in  which  a  strip  of  amalgamated  platinum  is  suspended  as  the  negative 
pole,  while  this  is  set  into  a  graphite  crucible  containing  hydrochloric 
acid,  which  serves  as  the  positive  electrode.  Further  instances  will  be 
found  under  the  various  applications  of  the  current. 

Faraday's  Law  and  Electro-Chemical  Equivalents. — In  studying 

the  quantitative  results  of  electrolytic  action  Faraday  arrived  at  conclu- 
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sions  which  are  now  stmimarized  and  known  as  Faraday's  law  and  are 
fundamental  for  all  calculations  in  connection  with  electro-chemical 
work.  This  law  is  thus  stated  by  Helmholtz:  **  The  same  quantity  of 
electricity  passing  through  an  electrolyte  either  sets  free  or  transfers  to 
other  combinations  always  the  same  number  of  valencies."  As  hydro- 
gen is  the  basis  of  our  comparison  of  valence,  we  naturally  turn  to  this 
for  a  basis  of  electro-chemical  comparison.  It  has  been  found  by  ex- 
periment that  the  passage  of  one  coulomb  (one  ampere  X  one  second) 
of  electricity  through  water  liberates  .000010384  gram  of  hydrogen. 
The  quantity  .000010384  is  therefore  called  the  Electro-chemical  Equiv- 
alent of  hydrogen.  A  current  the  strength  of  which  is  C  (amperes)  will 
liberate  C  X  .000010384  gram  of  hydrogen  per  second.  The  *'electro- 
chemical  equivalents  '*  of  other  elements  can  be  easily  calculated  if 
their  *'  chemical  equivalent  "  (atomic  weight  divided  by  valence)  is 
known.  The  following  table*  giving  these  several  values  will  be  found 
to  be  useful  in  connection  with  all  work  on  electrolysis. 

TABLE   OF   ELECTRO-CHEMICAL   EQUIVALENTS,  Etc. 


Elements. 

Atomic  Weight. 

Val- 
ency. 

Chemical 
Equivalent. 

Electro-chemical 
Equivalent 
(Grams  per  Coulomb). 

Electro- positive  : 

Hydrogen, 

I 

I 

I 

0.000010384 

Potassium 

39  03 

I 

39   03 

0.0004053 

Sodium 

23 

I 

23 

0.0002388 

Gold 

iq6.  2 

3 

65.4 

0. 0006791 

Silver 

107.67 

I 

107.67 

0.001 1 181 

Copper  (cupric) 

63.18 

2 

3  J  •  59 

0.0003281 

(cuprous) 

63.18 

J 

63.18 

0.0006562 

Mercury  (mercuric) 

199.8 

2 

99.9 

0.0010374 

,,        (mercurous) 

199.8 

I 

199.8 

0.0020748 

Tin    (stannic) 

117. 8 

4 

2945 

0. 0003058 

"     (stannous) 

117. 8 

2 

58.9 

0. 00061 16 

Iron  (Ferric) 

55.9 

3 

18.64 

0.0001935 

"     (Ferrous) 

55-9 

2 

27.95 

0.0002902 

Nickel 

58.6 

2 

29-3 

0.0003043 

Zinc 

64.9 

2 

32.45 

0.00033698 

Lead 

206.4 

2 

103.2 

0.0010716 

Electro-negative : 

Oxygen 

15.96 

2 

7.98 

0.00008286 

Chlorine 

35-37 

I 

35-37 

0.0003673 

Iodine 

126.54 

I 

126.54 

0.0013 140 

Bromine 

79.76 

I 

79.76 

0.0008282 

Nitrogen 

14.01 

3 

4.67 

0.00004849 

Electro-Chemical  Analysis. — Metals  may  be   deposited   quantita- 
tively from  their  solutions  by  means  of  electrolysis,  and,  when  carried 


*  From  S.  P.  Thompson's  "  Elementary  Lessons  in  Electricity  and  Magnetism," 
page  228. 


ELECTROLYSIS  AND  ITS  APPLICATIONS.  703 

out  tinder  proper  precautions,  this  method  may  be  extended  to  the 
quantitative  separation  of  different  metals,  based  on  their  comparative 
electro-positive  affinities.  The  solution  containing  the  metal  or  metals 
is  placed  in  a  beaker  containing  two  platinimi  electrodes,  con- 
nected with  a  low- voltage  current.  The  anode  is  usually  a  wire  spiral 
while  for  a  cathode  a  strip  of  platinum  foil  may  be  used.  In  some  in- 
stances a  platiniun  dish  may  be  used  as  catho<^e  and  at  the  same  time  the 
container  for  the  fluid ;  the  metal  is  deposited  on  the  sides  of  the  platinum 
dish,  which,  after  washing  and  drying,  is  weighed.  The  least  electro- 
positive metal  is  deposited  first  because  of  its  proportionate  weakest 
chemical  affinity ;  stronger  ones  follow  on  increasing  the  strength  of  the 
current.  The  dilution  of  the  solution,  the  relative  time  of  electrolytic 
action,  and  the  strength  of  the  current  are  all  important  factors  in  the 
successive  separation  of  different  metals  from  mixtures  of  metallic  salts. 
The  student  is  referred  to  special  works  on  this  subject. 

Electrotypin'g. — This  consists  in  depositing  by  electrolysis  a  layer 
of  copper  over  motdds,  for  the  purpose  of  reproducing  engraved  sur- 
faces, also  of  type.  In  printing  of  books,  periodicals,  maps,  illustra- 
tions, etc.,  electrotypes  are  made  from  the  pages  or  forms  after  they  have 
been  set  up  by  the  printer;  these  reproductions  are  then  employed  for 
printing,  and  may  be  preserved  for  subsequent  use.  They  are  made  by 
taking  impressions  of  the  type  or  wood-cuts  by  means  of  a  press  on  plates 
composed  of  a  mixture  of  beeswax,  turpentine  and  graphite,  and,  after 
trimming,  the  surface  is  brushed  over  with  finely  powdered  graphite, 
which  affords  the  conducting  surface.  These  impressions  are  hung 
from  copper  hooks,  and  form  the  cathode,  in  a  vat  containing  a  strong 
solution  of  copper  sulphate  acidulated  with  sulphuric  acid,  and  a  plate 
of  copper  forms  the  anode.  Usually  two  hours'  immersion,  using  a 
dynamo  current,  is  sufficient  to  give  a  coating  of  the  desired  thickness. 
The  copper  coating  is  then  removed  from  the  moulds,  and  the  reverse 
Surface  filled  with  solder,  so  as  to  give  it  the  necessary  rigidity,  after 
which  the  plates  are  mounted  on  wooden  blocks. 

Electroplating  is  the  electrolytic  deposition  of  one  metal  upon 
another.  The  chief  metals  employed  for  this  purpose  are  gold,  silver, 
nickel,  copper,  platinum,  and  such  alloys  as  brass  and  German  silver. 
For  plating  purposes  a  vat  of  enamelled  cast  iron  or  stoneware  is  used, 
and  as  anode  one  or  more  plates  of  the  same  metal  which  is  to  be  depos- 
ited. These  plates  may  be  suspended  from  hooks  of  the  same  material. 
However,  copper  is  usually  employed.  The  articles  to  be  plated,  after 
scouring  and  washing  to  remove  all  greasy  matter,  are  immersed  in  an 
acid  bath,  to  rid  the  surface  of  all  traces  of  oxide;  then  they  are  sus- 
pended in  the  plating  solution  from  copper  rods,  and  serve  as  the  cathode. 
The  ciurent  employed  is  furnished  by  either  a  dynamo  or  a  battery,  and 
varies  in  voltage  according  to  the  metal  deposited.  For  example,  in 
nickel-plating  we  begin  with  5  volts,  gradually  decreasing  the  current 
to  I  volt;  for  silver-plating  3  volts  are  employed,  with  a  strength  of  50 
amperes  per  square  meter  of  cathodic  surface ;  in  gold-plating  the  E.M.P, 


704  ORGANIC  CHEMISTRY. 

should  not  exceed  i  volt  and  the  current  strength  lo  amperes  per  square 
meter  of  cathodic  surface.  The  time  of  immersion  varies  according  to  the 
metal  to  be  plated,  the  metal  deposited,  and  the  thickness  of  the  desired 
deposit.  For  nickel-plating  with  a  battery  current  the  time  is  from  two 
to  six  hours,  for  silver  from  eight  to  twelve  hours,  while  gold  reqtiires  but 
a  few  minutes'  immersion. 

Heavy  platings  should  be  avoided  because  of  their  tendency  to  peel. 
The  metals  to  be  deposited  in  electroplating  are  usually  employed  as 
double  cyanides  with  sodium  or  potassium,  which  may  be  made  by  add- 
ing to  a  diluted  solution  of  the  metallic  salt  a  solution  of  potassium 
cyanide  until  the  precipitated  metallic  cyanide  redissolves.  Before  such 
base  metals  as  zinc,  pewter,  etc.,  can  be  plated  with  nickel  or  silver 
they  are  given  a  light  coating  of  copper,  in  order  to  secure  adhesion  of  the 
plating  metal.  In  silver-plating  the  metal  is  first  amalgamated  by 
immersing  in  a  bath  of  mercuric  oxide  and  water  acidulated  with  sul- 
phuric acid. 

Electric  Refining  of  Metals. — This  process  of  electrolytic  refining 
of  crude  smelted  metals,  although  of  wide  application,  has  as  yet  been 
chiefly  restricted  to  the  refinement  of  copper.  In  a  vat  containing  a 
solution  of  copper  sulphate  are  suspended  anodes  which  consist  of  thick 
plates  of  the  crude  copper,  while  the  cathodes  are  very  thin  plates  of  the 
pure  metal.  By  means  of  a  dynamo  current  thick  layers  of  the  pure 
metal  are  deposited  from  the  solution  on  the  cathode,  while  the  liberated 
acid  unites  with  the  crude  copper  of  the  anode  and  keeps  up  the  supply 
of  sulphate  as  long  as  any  metal  remains.  The  foreign  impurities  with 
metals  are  deposited  in  the  bottom  of  the  vat. 

The  electrolytic  refining  of  zinc  and  nickel  have  also  been  tried  on  a 
large  scale  but  have  not  as  yet  been  made  entirely  successful.  The  zinc 
deposit  is  always  inclined  to  be  spongy  and  readily  oxidizable  and  the 
nickel  ores  require  previous  smelting  and  contain  many  impurities. 

The  recovery  of  metallic  tin  from  scrap  tin  plate  is  another  application 
of  electrolytic  refining  that  has  developed  in  recent  years.  It  takes 
place  in  alkaline  solution  and  the  tin  goes  into  solution  as  an  alkaline 
stannate. 

The  electrolytic  refining  of  silver  and  its  separation  from  gold  and 
platinum  contained  in  the  silver  bullion  is  also  very  extensively  prac- 
ticed and  is  replacing  the  method  of  " parting"  by  nitric  acid. 

Processes  involvinxx  Electrolysis. 

Electrolysis  of  the  Alkali  Chlorides. — In  the  electrolysis  of  the 
alkali  chlorides  a  number  of  primary  and  secondary  reactions  take  place 
which  introduce  difficulties  to  be  considered  when  the  isolation  of  but 
one  product  is  desired.     The  possible  reactions  are  as  follows : 

I.  Electrolysis  of  alkali  chlorides,  with  formation  of  caustic  alkalies, 
chlorine,  and  hydrogen. 

(a)   2NaCl  Naa  Cla 

(6)  Xaa     +     3HaO      -      2NaOH     -r     Ha. 
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2.  Electrolysis  of  the  caustic  alkali  formed,  with  liberation  of  hydro- 
gen and  oxygen.  ^ 

(o)  2NaOH     =     Nas     +     O2     +     H2. 

(b)  Nas     +     2H2O    =     2NaOH     +     H2. 

3.  Formation  of  alkali  hypochlorites  through  the  action  of  chlorine  on 
caustic  alkalies  (generated  in  Reaction  i). 

2CI     +     2NaOH     --=     NaClO     +     NaCl     +     H2O. 

4.  Formation  of  chlorates  through  decomposition  of  hypochlorites. 

3NaC10     :  -     NaClOa      !      2NaCl. 

5.  Electrolysis  of  hypochlorites,  with  formation  of  caustic  alkali, 
hydrogen,  hypochlorous  acid,  and  oxygen. 

(a)  2NaC10     ---     Na2      i      CI2     -|-     O2. 
(6)  2Na     -f     2H2O     =     2NaOH     -f     H2. 

(c)  HaO    -h    Cla    +     O    =.    (HClO)a. 

6.  Electrolysis  of  chlorates,  with  formation  of  caustic  alkali,  hydro- 
gen, chloric  acid,  and  oxygen. 

(a)  2KCIO8    -    Ka      i      CI2      I      3O2. 

(b)  K2    i      2H2O    =~.     2KOH    -I-     H2. 

(c)  HaO    +    Cla    +    Os    =     (HC108)a. 

7.  Reduction  of  hypochlorites,  which  diffuse  to  the  cathode,  to  chlo- 

NaClO      t      Ha     -      HaO      t      NaCl. 

8.  Reduction  of  chlorates,  which  diffuse  to  the  cathode,  to  chlorides. 

KClOs      f      3Ha     --     KCl      ;      aHaO. 

According  to  the  construction  of  the  various  forms  of  apparatus  for  the 
electrolysis  of  alkali  chlorides,  we  have  two  classes:  the  one  arranges 
for  the  separation  of  the  products  of  the  anode  and  cathode  by  means  of 
a  diaphragm,  while  the  second  utilizes  mercury  as  a  cathode  without  the 
intervention  of  a  diaphragm.  Examples  of  the  first  class  will  be  found  in 
the  electrolytic  manufacture  of  arsenic,  antimony,  potassium  chlorate, 
and  all  the  various  organic  syntheses,  while  the  manufacture  of  the 
caustic  alkalies  is  a  notable  example  of  the  application  of  the  second  class. 

Electrolytic  Preparation  of  Hypochlorites  (Bleachin^^  Liquid). — If  a  solution 
of -an  alkali  chloride — for  example,  sodium  chloride — be  electrolyzed,  chlorine 
will  be  liberated  at  the  anode  and  sodium  at  the  cathode.  This  latter  reacts 
immediately  with  the  water  present,  forming  sodium  hydroxide,  and  liberates 
hydrogen  (Reaction  i).  The  chlorine  now  reacts  on  the  sodium  hydroxide,  with 
the  production  of  sodium  hypochlorite  (Reaction  3).  A  10  per  cent,  solution  of 
sodium  chloride,  after  electrolytic  treatment,  will  contain  somewhat  over  2  per 
cent,  of  hypochlorite  and  about  0.6  per  cent,  of  chlorate,  while  the  rest  consists 
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ot  unchanged  chloride.    This  fluid  is  preferable  for    bleaching  because  it  is  far 

less  destructive  than  calcium  hypochlorite  and  more  readily  removed  by  washing. 

Electrolytic   Pieparatlan  of    Chlorate*. — A    moderately   concentiated    solution 

of   potassium   or  sodium  chloride  is  emploved  as   electrolyte,  to  which  from  i 

to  s  per  cent,  of  sodium  (or  potassium)  carbonate  is  added.  A  small  amount  of 
potassium  or  sodium  dicbromate  is  also  added  to  prevent  cathodic  reduction  of  the 
chlorate  as  formed.  In  the  construction  of  the  apparatus  care  is  taken  that  the  alkali 
hydroxide  liberated  around  the  cathode  shall  be  exposed  to  the  action  of  the 
chlorine  liberated  from  the  anode,  while  the  teniperature  of  the  Quid  is  kept  above 
so"  C,  which  decomposes  at  once  all  hypochlorites  formed  (Reaction  4).  The 
cathodes  are  either  of  iron  or  nickel,  while  the  anodes  are  of  platinum  or  carbon. 
The  formation  reactions  involved  are  i,  3,  and  4,  while  4  and  8  show  the  losses 
due  to  regeneration  of  the  chloride. 

In  the  case  of  the  potassium  chlorate  Tormation  this  salt  crystallizes  out  fiom 
the  solution  on  cooling,  leaving  potassium  chloride  in  solution;  in  the  case  of 
sodium  chlorate,  it  remains  in  solution  while  sodium  chloride  crystallizes  out  first. 
Electrolytic  Preparation  of  Caustic  Alkalies, — The  electrolysis  of  alkaline 
chlorides  for  the  production  of  alkaline  hydroxide  and  chlorine  may  be  effected 
with  aqueous  solutions,  or  with  the  fusied  chloride.  Of  the  proceGses  ustng 
aqueous  solutions  the  best  known  is  that  of  Castner,  or  the  closely-related 
Castner-Kellner  process  The  operation  is  carried  on  in  a  tank  which  is  divided 
11  '•:  mto  three  comrairtnients;  the  outside  ones 

•■'c.  1*1  contam  the  sodium  or  potassium  chloride 

bnne  and  the  carbon  anodes,  a  a,  while 
the  inside  one  contains  the  iron  cathode,  c. 
Through  this  inside  compartment  a  contin- 
uous supply  of  water  flows,  which  takee  up 
the  caustic  alkali  produced  and  is  con- 
ducted off  into  collecting  tanks.  The  par- 
titions are  open  below,  just  reaching  to 
the  surface  of  a  layer  of  mercury  wiich 
covers  the  entire  bottom  of  the  tank.  The 
alkah  metal  {K  or  Na)  liberated  amalga- 
mates at  once  with  the  mercury,  which, 
l>iiciank  through  the  rockingof  the  tank  by  means  of 

the  cam,  e,  passes  into  the  centre  compart- 
the  anode  during  the  passage  of  the  current  to  the  iron  catb- 
'■■ —  '"'  K)  of  the  amalgam  is  thereby  liberated,  which,  react- 

-"-  '-  sodium  (or  K}  hydroxide  and  hydrogen 

"  of  chlorine  gas  is  evolved  which 
iddle  (cathode)  chamber 


ment,  "'here  it  acts 

ode,  c ;  tlie  metallic  sodium  (1 

ing  with  the  water  present,  gives 

From  thi;  two  end  compartment: 

be  further  utilized.    The  lye  obtained  from  the 


tiims  .ibout  20  per  cent.  01  caustic  soda  (or  KOH),  which,  wlien  evajxirated   yields 
a  product  yg.s  lier  cent.  pure. 

Of  the  processes  ot  electrolyzing  a  fused  alkaline  chloride  the  best  known  and 
most  suci'essful  is  the  Acker  process  in  use  at  Niagara  Falls.  The  cathode  in  this 
case  is  metallic  lead  which  alloys  with  the  metallic  sodium  set  free  in  the  decom- 
pisition  of  the  fused  chloride.  This  alloy  of  lead  and  sodium  flows  intoanothcr  cell 
where  the  necessary  quantity  of  superheated  steam  acts  upon  it,  forming  anhydrous 
sodium  hydroxide  and  liberating  the  molten  lead,  which  again  passes  mto  the  de- 
composing cell  to  serve  as  cath<^e. 

Electrolytic  Preparation  of  Persulphates, — A  cold  saturated  so- 
lution of  ammonium  sulphate  is  placed  in  a  porous  cell  as  anode  liquid 
and  a  mixture  of  equal  volumes  of  sulphuric  acid  and  water  in  an  outer 
beaker  glass  as  cathode  liquid.  A  platinum  wire  spiral  serves  as  anode 
and  a  coil  of  lead  tubing  through  which  ice  water  circulates,  is  made  the 
caihodc.  After  passage  of  the  current  for  several  hours  the  ammonium 
persulphate  which  has  separated  out  in  crystalline  form  in  the  anode  cell 
is  filtered  through  glass  wool  placed  in  a  funnel,  and  dried  on  a  porous 
tile.  The  potassium  persulphate  is  similarly  prepared,  but  is  less  soluble 
than  the  ammonium  salt. 
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Electrolytic  Preparation  of  Metallic  Arsenic  and  Antimony. — 
The  method  of  Messrs.  Siemens  and  Halske  consists  in  first  treating  the 
native  sulphides  (SbjjSjjASjjSj)  with  sodium  sulphydrate  (NaHS)  solu- 
tion, whereby  soluble  double  salts,  as  soditim  sulphantimonate  (Sb^S,  + 
3Na2S)  and  sodium  sulpharsenate  (AS2S3  +  3Na2S),  are  formed.  The 
electrolytic  vat  is  divided  into  two  chambers  by  means  of  a  porous  dia- 
phragm; in  the  cathodic  apartment  is  the  above  solution,  while  the 
anodic  contains  a  solution  of  common  salt.  Sodium  separates  at  the 
cathode;  this  decomposes  the  water,  with  liberation  of  hydrogen  gas, 
which  at  once  reunites  with  the  sulphur  and  sodium  to  form  sodium 
sulphydrate,  while  the  metallic  arsenic  or  antimony  separates  at  the  same 
cathode.  Chlorine  is  evolved  at  the  anode ;  this  serves  to  hold  such  for- 
eign metals  as  may  be  present  (Co,  Ni,  Cu,  Ag,  Au)  in  solution. 

Electrolytic  Extraction  of  Gold. — According  to  Siemens's  pro- 
cess, the  powdered  ore  or  tailings  are  extracted  with  a  potassium 
cyanide  solution,  which  is  electrolyzed.  Lead  plates  (o*^  lore  recently 
lead  shavings)  are  utilized  as  cathodes,  while  iron  plates  serve  as  anodes ; 
the  gold  is  deposited  on  the  surface  of  the  former,  which  are  periodically 
removed,  melted  and  the  gold  separated.  The  iron  plates  are  gradually 
dissolved  by  the  lye,  giving  rise  to  Prussian  blue,  which  can  be  converted 
back  to  cyanide. 

Electrolytic  Preparation  of  White  Lead. — In  a  wooden  vat  pro- 
vided with  a  porous  diaphragm  is  suspended  an  anode  )f  lead  and  a 
cathode  of  copper,  while  the  electrolyte  is  a  solution  of  sodium  nitrate. 
Through  the  action  of  the  current,  nitric  acid  is  liberated  at  the  anode, 
which  dissolves  a  corresponding  amount  of  lead,  forming  a  solution  of 
lead  nitrate,  while  at  the  cathode  metalHc  sodium  is  liberated,  which  de-i 
composes  in  the  water  to  sodium  hydroxide.  These  two  salts  react,  with 
the  production  of  lead  hydroxide,  which  is  allowed  to  digest  with  a  solu- 
tion of  sodium  bicarbonate,  forming  neutral  lead  carbonate.  The  so- 
dium nitrate  formed  as  by-product  again  electrolyzes,  as  above  described. 
The  sodium  hydroxide  formed  in  the  last  reaction  is  utilized  for  the  pro- 
duction of  bicarbonate  by  passing  through  it  a  current  of  carbonic  acid 
gas.    The  reactions  are  as  follows: 

1.  NaNOs     +     HaO     =     NaOH     -\-     HNO3. 

2.  2HNO8     -f     Pb     -=     Pb(N08)2     -r     H2;  or, 

aa.   2NaN08  -f  2H2O  -^     Pb     =     (2NaOH  -f  Ha)  4-  [Pb02(N02)2.] 

3.  Pb(N08)  +  2NaOH  ^-     Pb(OH)2   -  aNaNOa. 

4.  Pb(0H)2  +  NaHCOa  -   PbCOa   !   NaOH  -     H2O. 

Electrolytic  Production  of  Mineral  Pigments. — By  the  use  ot 
various  metals  as  cathodes  under  varying  conditions,  a  number  of  other 
pigments  have  been  prepared,  as  cadmium  yellow  (CdS),  vermillion 
(HgS),  and  Scheele's  green  (CuHAsOg). 

Ozone. — Ozone  is  a  well-known  oxidizing  and  bleaching  agent  and  has 
many  commercial  applications.    Its  preparation  is  carried  out  on  a  large 
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scale  by  employing  a  series  of  ozonizing  tubes.  The  Siemens  form  (see  p. 
189)  consists  of  a  glass  tube,  covered  outside  with  tin-foil ;  inside  of  this  is 
a  smaller  tube,  coated  with  foil  on  its  inner  side.  A  current  of  oxygen  is 
made  to  pass  between  the  two  tubes.  The  two  foil  coatings  are  con- 
nected with  the  poles  of  an  induction  coil  the  tension  of  which  is  about 
13,000  volts  and  the  interruptions  from  200  to  300  per  second.  As  a 
bleaching  agent,  it  is  rapid  in  its  action,  and  is  not  so  destructive  as 
chlorine  or  the  hypochlorites.  Ozone  is  used  as  a  disinfectant;  also  for 
destroying  the  fusel  oil  and  aging  spirits,  and  for  aging  wood  for  musical 
instruments.  The  micro-organisms,  ammonia,  and  nitrites  present  in 
contaminated  water  may  be  destroyed  by  this  agent.  Ozone  is  used  for 
purifying  and  whitening  starch  and  dextrin. 

Prussian  Blue,  prepared  from  potassium  ferrocyanide  and  a  ferrous 
salt,  is  suspended  in  water  containing  from  i  to  20  per  cent,  of  a  mineral 
acid,  and  placed  in  the  anode  chamber  of  an  electrolytic  apparatus. 
Through  the  action  of  the  current  various  shades  of  blue  may  be  ob- 
tained, and  by  prolonging  electrolytic  action  a  dark  green  product  results. 

Processes  involving  the  Electric  Furnace. 

In  these  processes,  which  involve  the  use  of  the  electric  furnace,  the 
current  acts  at  an  extremely  high  temperature  on  a  fused  mass  containing 
the  chlorides,  hydroxides,  or  oxides  of  the  metal  to  be  extracted,  the 
arrangement  of  the  furnace  varying  somewhat  in  each  case.  The  metals 
extracted  by  such  processes  on  a  commercial  scale  are  potassium, 
sodium,  and  aluminum,  and  compounds  such  as  carborundum  and  the 
carbides  (for  descriptions  of  these  processes,  see  under  their  respective 
headings  in  the  chapters  on  Chemistry).  The  elements  which  can 
be  prepared  thermo-electrically  are  boron,  silicon,  chromium,  cobalt, 
wolfram,  manganese,  molybdenum,  uranium,  vanadium  and  titan- 
ium. 

Thermo-Electric  Preparation  of  the  Carbides. — Through  the  agency  of  the 
electric  furnace  most  metals  have  been  made  to  combine  with  carbon  to  form 
carbides  and  in  many  cases  these  compounds  are  more  readily  attainable  than  the 
pure  metals  themselves.  The  carbides  are  of  the  greatest  value  in  metallurgy, 
owing  to  the  influence  they  exert  upon  the  hardness,  tenacity,  fusibility,  and  malle- 
ability of  metals,  as  illustrated  in  the  case  of  iron.  To  chemists  the  carbides 
have  opened  up  new  fields  and  possibilities.  They  are  produced  by  heating  the 
metallic  oxides  or  carbonates  with  coke  in  a  furnace,  which  consists  of  two  blocks 
of  limestone  or  burnt  lime,  hollowed  out  in  the  middle  and  securely  fitted  together. 
The  carbon  electrodes  which  pass  in  at  the  sides  carry  a  current  of  no  volts  and 
from  1000  to  2000  amperes.  Among  the  more  important  carbides  are  those  of 
silicium  and  calcium.  The  former  is  made  by  fusing  together  sand  (SiOa).  sodium 
chloride,  and  coke,  and  is  more  commonly  known  as  carborundum  (SiC)  (see  p. 
280).  Because  of  its  extreme  hardness  carborundum  is  used  for  grinding  and  pol- 
ishing. Calcium  carbide  (CaCg)  is  obtained  by  fusing  together  calcium  carbonate 
and  coke,  and  is  extensively  used  for  preparing  acetylene  gas,  which  is  used  as  an 
illuminating  agent  (see  p.  283). 

The  carbides  of  Li,  Na,  K,  Ca,  Ba,  and  Sr  are  decomposed  by  water,  yielding 
/CH\ 
acetylene    (  ) . 

VCH/ 
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Aluminum  and  beryllium  carbides  react  with  water,  yielding  methane  (CH4). 
Manganese  carbide  yields,  in  addition,  hydrogen  ^sls. 

Tfc  carbides  of  lanthanum,  yttrium,  and  thonum  give,  with  water,  a  mixture 
of  acetylene,  ethylene,  methane,  and  hydrogen. 

Thermo-Electric  Preparation  of  Phosphorus. — According  to  the 
Parker  process,  calcium  phosphate  is  mixed  with  charcoal  and  sand  and 
placed  in  an  electric  furnace,  so  constructed  that  a  current  of  coal-gas  can 
be  passed  through  while  being  heated.  It  is  also  provided  with  a  tubular 
otil^let,  in  order  that  the  vaporized  phosphorus  may  be  carried  off  and 
condensed.  The  heat  is  generated  by  an  electric  arc.  Before  turning  on 
the  current,  all  air  is  driven  out  of  the  apparatus  by  means  of  coal-gas, 
and  while  in  operation  this  current  of  gas  serves  to  force  the  vapors  of 
phosphorus  over  into  a  copper  vessel  containing  water.  Another  method 
consists  in  the  simultaneous  preparation  of  calcium  carbide,  in  which 
tricalcic  phosphate  is  heated  in  the  electric  furnace,  with  an  excess  of 
charcoal,  according  to  the  equation: 

Ca8(P04)2     -f     14C     =     P2     +     3CaC2     +     SCO. 
Electrolytic  phosphorus  is  pure  white  and  of  excellent  quality. 

Electro-thermic  Production  of  Carbon  Disulphide. — Carbon  di- 
sulphide  made  by  the  reaction  of  sulphur  upon  glowing  carbon  is  now 
made  almost  exclusively  by  the  aid  of  the  electric  furnace.  The  interior 
furnace  of  fire-clay  or  iron,  within  which  the  electric  arc  is  maintained 
between  carbon  electrodes,  is  surrounded  bv  an  outer  shell  of  metal  into 
which  the  cold  sulphur  is  fed.  This  is  melted  near  the  base  by  the 
radiated  heat,  and,  being  admitted  through  valves,  rises  and  comes  in 
contact  with  the  carbon  arc.  The  vapor  of  the  carbon  disulphide  formed 
is  drawn  off  at  the  top  of  the  furnace  and  condensed.  The  operation  of 
the  furnace  is  continuous. 

Electrolysis  applied  to  Organic  Compounds. 

The  application  of  the  electric  current  in  the  decomposition  and 
synthesis  of  organic  compounds  has  as  yet  received  but  comparatively 
Umited  study,  yet  a  number  of  important  synthetic  products  can  be 
prepared  electrolytically  on  the  industrial  scale.  Among  the  organic 
compounds  which  break  up  most  readily  are  the  acids,  or  still  more  so 
their  salts.    For  example,  sodium  acetate  will  decompose  as  follows: 

2CH8.COONa     -r     C2He     -r     2CO2     -f-     Naa. 
Na2     -I-     2H2O     -     2NaOH      |      Ha. 

The  hydrogen  of  the  carboxyl  group  is  liberated  at  the  negative  pole, 
while  carbon  dioxide  and  a  hydrocarbon  separate  at  the  positive;  thus, 
the  homologues  of  the  acetic  acid  series  decompose  as  follows: 

2C„Ha„  +  iCOOH     =     2C„H2„  +  iC00    +     H2. 
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Secondary  reactions: 

2C„Ha„  +  1  COO  -f  H2O     ^     2C„Ha„  +  1 COOH     -f     O. 

2C„H2„  +  1  COO  --  C2„H2a  f  2     "F      2CO2. 

2C„H2u  I  1  COO  -  C,H2u  f  1  COO.C„H2„  +  1     +     CO2. 

2C„H2u  \-  1  COO  4-  O     -     2C„H2„     +     HaO      r     2COa. 

Succinic  acid. 

C2H4(COOH)2     -     (C2H4COO)2     n-     Ha. 

Secondary  reactions:  • 

CaH4(COO)2     -r     HaO     --     C2H4(COOH)2    -f-     O. 
C2H4(COO)a     ■---     CaH4     +     2C0a. 

Iodoform  may  be  prepared  by  the  electrolytic  action  of  the  ciurent 
upon  a  mixture  of  alcohol  (aldehyde  or  acetone)  and  an  aqueous  solution 
of  an  alkali  or  alkali  earth  iodide.  While  the  reaction  is  going  on  a  con- 
stant current  of  carbonic  acid  gas  is  being  passed  through  the  liquid. 

Chloroform  and  Bromoform  may  be  prepared  by  analogous  reac- 
tions. In  the  case  of  chloroform,  acetone  is  conveniently  taken  for  the 
preparation.  A  steam- jacketed  still  is  used  provided  with  a  set  of  revolv- 
ing paddles  consisting  of  carbon  plates  which  serve  as  anode  in  the 
process.  A  20  per  cent,  salt  solution  is  placed  in  the  still  and  acetone 
is  admitted  from  the  bottom.  The  acetone  is  converted  into  chloroform 
by  the  combined  action  of  chlorine  and  sodium  hydroxide,  according 
to  the  following  reactions  : 

(CH3)2CO      I      3CI2  CH3COCCI3     4      3HCI. 

CH3COCCI3      i       NaOH  CHsCOONii      i       CHCI3. 

The  chloroform  distils  ofT  and  sodium  acetate  remains  in  solution. 

Chloral. — Aldehydes  may  be  obtained  by  the  electrolysis  of  alcohol 
or  acids.  However,  from  an  industrial  stand-point,  it  is  cheaper  to 
produce  them  indirectly,  with  a  view  to  preparing  chloral,  by  the  oxidiz- 
ing action  of  chlorine  obtained  from  the  electrolysis  of  chlorides.  In  a 
distilling  vessel  provided  with  a  diaphragm  and  filled  with  a  hot  solution 
of  potassium  chloride  are  placed  a  copper  cathode  and  a  movable  carbon 
anode  which  serves  as  a  stirrer.  Alcohol  is  gradually  added  to  this  fluid 
(kept  at  100°  C.)  while  electrolysis  of  the  chloride  is  going  on.  The 
liberated  chlorine  oxidizes  the  alcohol  to  aldehyde,  after  which  sub- 
stitution takes  place  and  hydrochloric  acid  gas  is  liberated.  This  is 
neutralized,  however,  in  the  cathodic  apartment  by  the  potassium 
hydroxide  formed  in  the  secondary  reaction.  The  chloral  formed  is  recov- 
ered by  distillation.  In  the  same  manner  chloral  may  be  obtained  from 
glucose,  starch,  or  sugar. 

Nitro-Compounds. — Owing  to  the  great  technical  importance  of  the 
aromatic  nitro-compounds,  the  application  of  electrolysis  to  the  reduction 
of  these  has  received  an  unusual  amount  of  attention.  By  means  of 
oscillating  electrodes,  which  generate  nascent  hydrogen,  nitrobenzene 
way  be  reduced  to  aniline.    By  varying  the  conditions  partial  reduction 
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products    have   been   obtained,   such    as    azoxybenzene,   azobenzene, 
hydrazobenzene,  and  benzidine. 

The  electrolysis  of  aromatic  nitro-compounds  dissolved  in  sulphuric 
acid  yields  not  only  amido-hydrocarbons,  but  at  the  same  time  the  hydro- 
gen atom,  which  occupies  the  para  position  (to  the  amido  group),  is 
replaced  by  a  hydroxy!  residue.  Thus,  nitro-benzene  yields  para-amido- 
phenol.    The  homologous  nitro-compounds  react  in  like  manner.   Thus  : 

C6HiA:h8  (4)   ^  CeHaZpH,  rl 

Nnh.  (5)  /         \^l\  j^J 

Under  certain  conditions  oxidation  of  the  para  group  may  take  place, — 

P  „  ^N02  (i)  \    r  H  ^NH2        (i). 

C«H4<cH3  (4) 7     ^•"*<CHaOH  (4/ 

or  the  group  in  the  para  position  is  displaced, — 

C«H4<cooH  (4) 7    ^•"*<OH     (4)' 

likewise 

P„^NOa(i)     \     pu^NHaCi) 

Saccharine. — This  important  product  may  be  made  electrolytically 
direct  from  the  sulphone-amides.     Thus,  ortho-toluene-sulphone-amide 

(CgH^<oQ\^TT    /  X  )   in  alkaline  solution  separates  at  the   anode  as 

saccharine, — that    is,    anhydro-ortho-sulphamin-benzoic  acid     (  CqH^< 

CO  \ 

qq>NH).       Derivatives    and    homologues    of    saccharine    may    be 

prepared  in  like  manner. 

Organic  Colors. — On  passing  the  electric  current,  using  platinvmi 
or  carbon  electrodes,  through  an  aqueous  solution  of  an  aniline  salt  a 
precipitate  of  aniline  black  [(CgHjN)^]  is  obtained;  likewise,  under 
similar  conditions,  solutions  of  toluidine,  alkylaniline,  diphenylamine, 
and  para-phenylene-diamine  yield  red,  violet,  and  blue  colors.  Sub- 
stitutions may  be  carried  out  by  means  of  the  current.  Thus,  fuchsine 
can  be  methylated  by  electrolyzing  its  hydro-methyl-alcoholic  solution 

(CO 
CgH^<PQ> 

C,H,<QH  l^j)  and  purpurin    (c.H,<^o>CeH=(OH),  i,  2.  4)  are 

produced  at  the   cathode  by  action  of  the  current  on  a  mixture  of 
anthraquinone  and  fused  potassium  hydroxide. 

Various  tri-phenyl-methane  color  derivatives  may  be  obtained  by 
electrolyzing,  in  the  presence  of  acids,  such  nitro-leuco  bodies  of  the  tri- 
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phenyl-methane  series  as  contain  a  nitro-group  in  the  para  position  to  the 

methane   rest.*      Para-rosaniHne    (  tjjjc^H* '^^^OH*       'y     ^^^  ^ 

obtained  by  the  electrolytic  reduction  of  p-nitro-di-amido-tri-phenyl- 
methane  dissolved  in  concentrated  stxlphuric  acid.  Electrolytically, 
colors  of  the  methylene-blue  group  may  be  obtained  from  p-amido- 
di-methyl-aniline  and  its  homologues.  Yellows  are  obtainable  from  the 
aromatic  oxy-acids,  as  gallic  acid,  tannin,  di-oxybenzoic,  gallanilid,  etc. 
The  yellow  alkaUne  reduction  products  of  p-nitro-toluene-sulphonic 
acid  (azoxy-azo-di-nitro-stilbene-di-sulphonic  acid  derivatives)  yield 
orange  colors  through  electrolysis. 

Among  the  natural  colors,  the  extraction  of  the  glucoside  hasmatein 
(CjgHigOg)  can  be  much  facilitated  by  electrolyzing  an  aqueous  extract 
of  logwood  for  one-half  hour  with  a  current  of  1 2  amperes  and  60  volts. 
This  product  is  then  concentrated  in  vacuo  and  crystallized.  Brasilein 
(^16^12^5)  '^^y  ^®  obtained  from  Brazil-wood  in  like  manner.  Piperidine 
(CgHijN)  results  from  the  electrolytic  reduction  of  pyridine.  By  this 
same  reaction  quinoline  bases  may  be  converted  into  their  hydrocarbons. 
Of  late  years  the  current  has  demonstrated  its  value  in  the  ferment 
industry ;  while  it  assists  in  the  culture  of  some  organisms,  it  destroys 
others.  Thus,  the  yeast-cells  present  in  a  mash  may  be  protected  from 
degeneration,  while  other  tmdesirable  fermentative  growths  may  be 
destroyed  by  a  careful  regulation  of  the  current. 

*  Examples:    p-nitro-di-amido-tri-phenyl-methane. 

p-nitro-di-amido-ortho-di-tolyl-phenyl-melhane. 
/?-nitro-di-benzyl-di-amido-o-ditolyl-phenyl-methane,  etc. 
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For  Table  of  Atomic  Weights,  according  to  the  United  States  Phar- 
macopoeia, Eighth  Revision,  on  the  basis  of  H  =  i,  and  atomic  weights 
on  the  basis  of  O  ^  i6,  see  page  123. 

COMPARATIVE  TABLE  OF  UNITS  OF  MEASURE. 


LENGTHS. 


UNIT. 

Linear 
Inches. 

Linear 
Feet. 

Linear 
Millimeters. 

Linear 
Centimeten 

Linear 
Meters. 

Linear  Inch 

Linear  Foot 

Linear  Millimeter  . 
Linear  Centimeter 

Linear  Meter 

i 

I. 

12. 

0.03937 

0.3937 
39.37 

0.0833 

I. 

0.003281 

0.03281 

3.281 

25.40 
304.8 
I. 
10. 
1000^ 

2.540 
30.48 
O.I 
I. 
100. 

0.0254 

0.3048 

O.OOI 

O.OI 

I. 

AREAS. 


UNIT. 

Square 
Inches. 

Square 
Feet. 

Square 
Millimeters. 

Square 
Centimeters. 

Square 
Meters. 

Square  Inch 

Square  Foot 

Square  Millimeter 
Square  Centimeter 
Square  Meter 

• 

I. 

144. 

0.00155 

0.155 
1550. 

.00694 
I. 

0.00001075 
0.001075 

10.75 

645.1 

92900. 

I. 

100. 

I 000000. 

6.4511 
929. 
.01 
I. 
I 0000. 

.000645 
.0929 
.000001 
.0001 
I. 

VOLUMES. 


UNIT. 


Cubic  Inch 

Cubic  Foot 

Cubic  Centimeter 
Cubic  Decimeter 


Cubic 
Inches. 


I. 
1728. 

0.06102 
61 .02 


Cubic 
Feet. 


0.000578 
I. 

0.00003532 
0.03532 


Cubic 
Centimeters. 


16.39 
28310. 

I. 
1000. 


Cubic 
Decimeters. 


.01639 
28.31 
.001 
I. 


N.B. —      1000  C.c.  =  I  Liter  —  .2642  U.  8.  Gal. 
29.57    '*     "I  Fluid  Oimce. 
3785.        **     —  128  *•     Oimces  =  I  Gallon. 
I.        *•   Distilled  Water  at  4**  =  i  Gram. 
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TABLE  OF  WEIGHT  AND  VOLUME  RELATIONS 


Specific 

KraYlty 

apparent 

250  C. 

^OC. 

Specific 

volume 

( volume  of  1 

kilogram 

in  llten).* 

Weight  of  I 

U.  S.  gallon 

Iu  pounds 

avoirdu- 

poi8.t 

Weight  of 

ia)  fluid- 

onureif  iu 

ounces 

avoirdupois. 

Weight  of  1 
fluldouuce 
iu  grains. 

Volume  in 
U.  8.  gallons 
of  UiO  pounds 
avuirdupois.l 

Volume  in 

fluidounces 

of  lOU  ounces 

avoirdupois. 

Volume  in 

fluldouncea 

of  1000 

gmins. 

o.  700 

1.4286 

5.819 

72.74 

318.2 

17.185 

137.48 

3.143 

0.710 

1.4085 

5.902 

73.78 

322.8 

16.943 

135.54 

3.099 

0.  720 

1.3889 

5. 985 

74.82 

327.3 

16.707 

133.66 

3.056 

0.730 

1.3699 

6.068 

75.85 

331.9 

16.479 

131.83 

3.014 

0.740 

I.35M 

6. 151 

76.89 

336.4 

16.256 

130.05 

2.973 

0-750 

1-3333 

6.235 

77.93 

341.0 

16.039 

128.31 

2.933 

0.760 

1-3158 

6.318 

78.97 

345.5 

15.828 

126.62 

2.894 

0.770 

1.2987 

6.401 

80.01 

350.0 

15.623 

124.98 

2.857 

0.780 

I. 2821 

6.484 

81.05 

354.6 

15.422 

123.38 

2.820 

0.790 

1.2658 

6.567 

82.09 

359.1 

15.227 

121 .82 

2.784 

0.800 

1.2500 

6.650 

83.13 

363.7 

15.037 

120.30 

2.750 

0.810 

1.2346 

6.733 

84.17 

368.2 

14.851 

1x8. 81 

2.716 

0.820 

I. 2195 

6.817 

85.21 

372.8 

14.670 

117.36 

2.683 

0.830 

I . 2049 

6.900 

86.25 

377.3 

14.494 

115.95 

2.651 

0.840 

I. 1905 

6.983 

87.28 

381.9 

14.321 

114.57 

2.619 

0.850 

I. 1765 

7.066 

88.32 

386.4 

14.152 

113.22 

2.588 

0.860 

I. 1628 

7-149 

89.36 

391.0 

13.988 

III .90 

2.558 

0.870 

I. 1494 

7.232 

90.40 

395.5 

13.827 

110.62 

2.528 

0.880 

I. 1364 

7.315 

91.44 

400.  I 

13.670 

109.36 

2.  500 

0   890 

I. 1236 

7-398 

92.48 

404.6 

13.516 

108.13 

2.472 

^    ^OO 

I .  mi 

7.481 

93   52 

409.1 

13.366 

106.93 

2.444 

C.QIO 

I . 0989 

7.565 

94.56 

413.7 

13.219 

105.75 

2.417 

0.920 

1.0870 

7.648 

95-60 

418.2 

13.075 

104.60 

2.391 

0.930 

107  53 

7.731 

96.64 

422.8 

12.935 

103.48 

2.365 

0.940 

1.0638 

7.814 

97.68 

427.3 

12.797 

102.38 

2.340 

0.950 

1.0526 

7-897 

98.71 

431.9 

12.663 

101.30 

2.315 

0.960 

I. 0417 

7.980 

99-75 

436.4 

12.531 

100. 25 

2.291 

0.970 

1.0309 

8.063 

100.79 

441.0 

12.401 

99.21 

2.268 

0.980 

I .0204 

8.147 

101.83 

445.5 

12.275 

98.20 

2.245 

0.990 

I .0101 

8.230 

102.87 

450.1 

12. 151 

97.21 

2.  222 

I  .00 

I . 0000 

8.313 

103.91 

454.6 

12.029 

96.23 

2.200 

I  .02 

0.9804 

8.479 

105.99 

463.7 

11.794 

94.35 

2.157 

I  .04 

0.9615 

8.645 

108.07 

472.8 

11.567 

92.54 

2.115 

1.06 

0.9434 

8.812 

no. 15 

481  .9 

11.348 

90.78 

.     2.075 

1.08 

0.9259 

8.978 

112. 22 

491.0 

11.138 

89. 10 

2.037 

I  .  10 

0.9091 

9.144 

114.30 

500.1 

10.936 

87.49 

2.000 

I  .  12 

0.8929 

9.310 

116.38 

509.2 

10.741 

85.93 

1.964 

I. 14 

0.8772 

9.477 

118.46 

518.3 

10.552 

84.42 

1.930 

I  .  16 

0.8621 

9   643 

120.54 

527.4 

10.370 

82.96 

1.897 

I. 18 

0.8475 

9.809 

122.61 

536.4 

10.194 

81.55 

1.865 

*  Or  of  one  gram  in  cubic  centimeters;  strictly  true  only  at  0**  C.  in  vacuo. 

t  Multiply  these  figures  by  2  for  weight  of  one  U.  S.  pint  in  ounces  avoirdupois. 

X  Divide  these  figures  by  2  for  volume  in  pints  of  100  ounces  avoirdupois. 
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TABLE  OF  WEIGHT  AND  VOLUME  RELATIONS— Continued. 


Specific 

Specific 

Weight  of  1 

Weight  of 

Volume  in 

Volume  in 

'  Volume  in 

gravity 

volume 

U.  8.  gallon 

lUO  fluid- 

Weight  of  1 

U.  8.  gallons 

of  100  pounds 

avoirdupois. 

flu  Idou  noes 

fluidounces 

mpparent 
26°  C. 

(volume  of  1 
kilogram 
ill  liters). 

0.8333 

in  pouncb 
avoirdu- 
pois. 

ounces  in 

ounces 

avoirdupois. 

fluidounce 
in  grains. 

of  100  ounces 
ttvoirdupois. 

of  lOUO 
graina. 

I.  20 

9.975 

124.69 

545.5 

10.025 

80.20 

^'»3S 

1.22 

0.8197 

10. 142 

126.77 

554.6 

9.860 

78.88 

1.803 

1.24 

0.8065 

10.308 

128.85 

563.7 

9.701 

77.61 

1.774 

1.26 

0.7937 

10.474 

130.93 

572.8 

9.547 

76.38 

1.746 

1.28 

0.7813 

10.640 

133.01 

581.9 

9.398 

75.18 

I. 719 

1.30 

0.7692 

10.807 

135.08 

591.0 

9.253 

74.02 

1.692 

1.32 

0.7576 

10.973 

137.16 

600.  I 

9. "3 

72.90 

L.667 

1.34 

0.7463 

II. 139 

139.24 

609.2 

8.977 

71.82 

1 .642 

1.36 

0.7353 

11.305 

141.32 

618.3 

8.845 

70.76 

I. 618 

1.38 

0.7246 

11.472 

143.40 

627.4 

8.717 

69.74 

1.594 

1.40 

0.7143 

11.638 

145.47 

636.4 

8.592 

.68.74 

I. 571 

1.42 

0.7042 

I I . 804 

147.5s 

645.5 

8.471 

67.77 

1.549 

1.44 

0.6944 

11.970 

149.63 

654.6 

8.354 

66.83 

1.528 

1.46 

0.6849 

12.137 

151. 71 

663.7 

8.239 

65.91 

1.507 

1.48 

0.6757 

12.303 

153.79 

672.8 

8.128 

65.02 

1.486 

1.50 

0.6667 

12.469 

155.87 

681.9 

8.020 

64.  16 

1.466 

1.52 

0.6579 

12.635 

157.94 

691.0 

7.914 

63.31 

1.447 

1.54 

0.6494 

12.802 

160.02 

700.  I 

7. 811 

62.49 

1.428 

1.56 

0 . 64 I 0 

12.968 

162. 10 

709.2 

7. 711 

61  .69 

1. 410 

1.58 

0.6329 

13.134 

164.18 

718.3 

7.614 

60.91 

1.392 

1.60 

0.6250 

13.300 

166. 26 

7274 

7.519 

60.  14 

1.375 

1.62 

0.6173 

13.467 

168.33 

736.5 

7.426 

59.41 

1.358 

1.64 

0. 6098 

13.633 

170.41 

745-6 

7.335 

58.69 

I. 341 

I    66 

o.6o2«: 

«3.799 

172.4Q 

754.6 

7-247 

57.98 

1.325 

I    68 

0-5952 

13.966 

174.57 

763.7 

7. 160 

57.28 

1.309 

I    70 

0.5882 

14. 132 

176.65 

772.8 

7.076 

56.61 

1.294 

1.72 

0.5814 

14. 2g8 

178.73 

781.9 

6.994 

55.95 

1.279 

1-74 

0-5747 

14.464 

180.80 

791.0 

6.913 

55.31 

I  .264 

1.76 

0. S682 

14.631 

182.88 

800. 1 

6.835 

54.68 

1.250 

1.78 

0.5618 

14.797 

184.96 

809.  2 

6.758 

54.06 

1.236 

1.80 

0.5556 

14.963 

187.04 

818.3 

6.683 

53.46 

I  .222 

1.82 

0.5495 

15.129 

189. 12 

827.4 

6.610 

52.88 

I  .  209 

1.84 

0.5435 

15.296 

191 . 19 

836.5 

6.538 

52.31 

I  .196 

1.86    . 

0.5376 

15.462 

103.27 

845.6 

6.467 

51.74 

I.  183 

1.88 

0.5319 

15.628 

195.35 

854.7 

6.399 

51.19 

I.  I  70 

I.  go 

0.5263 

15.794 

197.43 

863.8 

6.331 

50.65 

I  .  I  58 

1.92 

0. 5208 

15.961 

199.51 

872.8 

6.265 

50.12 

I  .  146 

1.04 

0.5155 

16. 127 

201 . 50 

881.9 

6.  201 

49.61 

I. 134 

1 .06 

0. 5102 

16.293 

203 .66 

891 .0 

6.137 

49.10 

I  .  122 

1.08 

0. 5051 

16.459 

205.74 

900. 1 

6.075 

48.60 

I.  Ill 

2  .00 

0 . 5000 

16.626 

207 .82 

909.  2 

6.015 

48.12 

I  .  100 

THERUOMETRIC  EQUIVALENTS. 
{According  to  the  Centigrade  and  Fahrenheit  Scales.) 


C."         F."     1      C.° 

F." 

C." 

F." 

C." 

F.° 

C." 

F." 

— 39-4   —30       !.— 10.5 

-I.. 

30 

18 

64.4 

37. a 

—39        — 3B.3I— >o 

30.3 

.8.3 

65 

37 

\l. 

—388,-38        ,-Ig 

S 

3" 

18.8 

66 

38 

100.4 

—38 

3    —37       1— 19 

3' 

19 

66.2 

38 

—38 

—36.4    —18 

s 

33   „ 

ig.4 

67 

38 

102 

—37 

7    -3"       i-18 

33-8 

68 

39 

— 37 

2    —33         —'8 

34 

ao.5 

^  « 

39 

—37 

—34.6    —'7 

6 

3S 

6g.8 

40 

—36 

ft  —34     n— 17 

3S-6 

70 

40 

-36 

'   -33      —7 

36 

11.6 

71 

41 

105.8 

—36 

-31.8  -16 

7 

37 

71.6 

4« 

—35 

5   —31         —16 

37-4 

72 

41 

107 

-35 

—31       ,—16 

3 

38 

22.7 

73 

4" 

.07.6 

—34 

4   —30       |— 'S 

8 

39 

»3 

73.4 

42 

108 

—34 

—19.1    —IS 

5 

39- a 

JJ:i 

74 

42 

.09 

—33 

S  — »(,        —14 

6 

40 

75 

43 

109.4 

— 33 

3    -^8       :-i4 

6.8 

41 

"4 

73.2 

43 

—Si 

—17.4    —■3 

7 

5 

5 

4a 

24.4 

76 

43 

— 3» 

7    —^7       1— '3 

8 

6 

42.8 

35 

77 

44 

— 3» 

2    —26        —13 

8.6 

6 

43 

=5-5 

78 

44 

— 3» 

-25. 6    -.2 

6 

6 

44 

36 

78,8 

45 

I '3 

—3' 

6  -25       l-.s 

,0 

7 

44.6 

26.1 

79 

45 

—3' 

I      —24             —13 

7 

45 

16.6 

80 

46 

114.8 

— 3> 

,-"3-8,,—  ' 

6 

7 

7 

46 

a? 

80.6 

46 

"5 

—30 

5  ,—'3       — " 

8 

46.4 

27. a 

81 

46 

116 

—3° 

S 

3 

47 

27.7 

82 

47 

116.6 

— J9 

4  —21       !— la.s 

13 

8 

8 

48 

28 

82.4 

117 

JQ 

9 

48.2 

28,3 

83 

47 

118 

— j8 

8    _2o'V-4°4 

>5 

9 

49 

»8.8 

84 

48 

118. 4 

— j8 

3    —iq         —(, 

i;.8 

5° 

29 

84.2 

48 

"9 

— a8 
— ay 

;— 18.4  '—8.8 

7   —8       1-8.3 

]6 

17 

\° 

5 

i;.» 

39.4 

30 

II 

48 
49 

— 37 

2    -.7         -8 

.7.6 

5' 

30. 5 

87 

49 

— a; 

—  16.6  ',—7.7 

18 

6 

S3 

3' 

87.8 

5° 

—i6 

6  —16       1—7.1 

'•> 

53.6 

3'." 

88 

so 

123 

— lb 

'    — 'S         —7 

"9-4 

54 

3-. 6 

89 

133.8 

— 16 

—  14.8     -6.5 

7 

SS 

32 

89.6 

124 

— 'S 

5    -.4       .,-6.1 

'3 

SS.4 

32.2 

90 

125 

— 35 

,—13      !.— 6 

■3 

3 

56 

32.7 

9" 

.25.6 

4   —12       1—3-5 

■3 

8 

s; 

33 

9'. 4 

126 

—  24 

]—"■'  i— s 

'i 

S7.a 

33.3 

92 

137 

—'3 

8   -.1         -4.4 

»4 

•4 

S8 

33-8 

93 

53 

127.4 

—'i 

3    —10       |— 4 

34.8 

'5 

59 

34 

93-» 

S3 

128 

—33 

—g-*    —3-8 

'S 

'5 

5 

60 

34-4 

94 

S3 

lag 

7    -9         !-3.3 

96 

16 

(So. 8 

35 

95 

54 

129.2 

2    —8            —3 

26.6 

16 

61 

35-5 

96 

130 

—7-6      —3.7 

16 

6 

b> 

36 

96.8 

55 

'3' 

6   -7           -2.2 

17 

62.6 

3f>.i 

97 

SS 

132 

I    —6            —2 

a8.4 

17 

(•3 

36. f, 

98 

56 

132.8 

—II        —5.8      —1.6 

2., 

■7 

^ 

64 

37 

■,8.h 

56 

'33 
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THERMOMETRIC   EQUIVALENTS.— (Comtim^rf.) 


c.« 

F.« 

C.« 

« 

C.« 

F.« 

c.« 

F.« 

C.« 

F.» 

56.6 

134 

77.2 

171 

98 

'  208.4 

118. 8 

246 

139.4 

283 

57 

134.6 

77.7 

172 

98.3 

209 

119 

246.2 

140 

284 

57.2 

135 

78 

172.4 

98.8 

210 

119.4 

247 

140.5 

285 

57.7 

136 

78.3 

173 

99 

210.2 

120 

248 

141 

285.8 

58 

136.4 

78.8 

174 

99.4 

211 

120.5 

249 

141 . 1 

286 

58.3 

137 

79 

174.2 

100 

212 

121 

249.8 

141.6 

287 

58.8 

138 

79.4 

175 

100.5 

2t3 

121. 1 

250 

142 

287.6 

59 

138.2 

80 

176 

lOI 

213.8 

121. 6 

251 

142.2 

288 

59-4 

139 

80.5 

177 

lOI  .  I 

214 

122 

251.6 

142.7 

289 

60  • 

140 

81 

177.8 

loi  .6 

215 

122.2 

252 

143 

289.4 

60.5 

141 

81. 1 

178 

102 

215.6 

122.7 

253 

1433 

290 

61 

141. 8 

81.6 

179 

102.2 

216 

"3 

2534 

143.8 

'  291 

61.1 

142 

82 

179.6 

102.7 

217 

123.3 

:  254 

144 

291.3 

61.6 

1 43 

82.2 

180 

'03 

217.4 

123.8 

;  2S5 

144.4 

293 

62 

143.6 

82.7 

181 

^^Zi 

218 

124 

,  255.2 

145 

293 

62.  2 

144 

83 

181. 4 

103.8 

219 

124.4 

:  256 

145.5 

294 

62.7 

MS 

83.3 

182 

104 

219.2 

125 

1  257 

146 

294.8 

63 

145.4 

83.8 

'83 

104.4 

220 

125.5 

:   258 

146. 1 

29s 

633 

146 

84 

183.2 

105 

221 

126 

258.8 

146.6 

296 

63.8 

147 

84.4 

184 

105.5 

222 

126. 1 

259 

147 

296.6 

64 

147.2 

85 

185 

106 

222.8 

126.6 

260 

147.2 

297 

64.4 

148 

85.5 

186 

106. 1 

223 

127 

260.6 

147.7 

298 

65 

149 

86 

186.8 

106.6 

224 

127.2 

261 

148 

298.4 

65.5 

150 

86.1 

187 

107 

224.6 

127.7 

262       j 

148.3 

299 

66 

150.8 

86.6 

188 

107.2 

225 

128 

262.4 

148.8 

300 

66.1 

^5'       , 

87 

188.6 

107.7 

226 

128.3 

263 

149 

300.2 

66.6 

»52       ! 

87.2 

189 

108 

226.4 

128.8 

264 

149.4 

301 

67 

152.6 

87.7 

190 

108.3 

227 

129 

1   264.2 

150 

302 

67.2 

^53 

88 

190.4 

108.8 

228 

129.4 

265 

150.5 

Z^l 

67.7 

'54 

88.3 

191 

[09 

228.2 

130 

266 

'51 

i^i'^ 

68           1 

'54-4 

88.8 

192 

109.4 

229 

130.5 

267 

151. 1 

304 

68 .  3       ] 

89 

192.  2 

[  10 

230 

131 

267.8 

I  5 1  .  6 

305 

68.8       1 

'56 

89.4 

193 

[10.5  . 

231 

131. 1 

268 

152 

305 -6 

6g            ] 

156.2 

90 

194           ] 

[  1 1 

231.8 

131. 6 

269 

152.  2 

306 

69 . 4       ] 

'57 

90-5 

195           1 

ni.i 

232 

132 

269.6 

J  52.  7 

;o: 

70            1 

58 

91 

195.8       1 

[  1 1  .6 

233 

132.2 

270 

153 

307-4 

70.5       1 

59 

91 .  I 

196           1 

12 

1 

233.6 

132.7 

271 

153.3 

^-0 

71            1 

r  59 . 8 

91.6 

197           ] 

12.2    1 

234 

^ZZ 

271.4 

'53-8 

3^"^ 

71. I       1 

[60 

92 

197.6      ] 

12.7 

235 

^Zi'Z 

272 

154 

309.2 

71.6       1 

61 

92.2 

198           ] 

13 

235.4 

133-8 

273 

154.4 

310 

72            ] 

61.6 

92.7 

199           1 

^Z-?> 

236 

134 

273.2 

155 

311 

72.2       1 

62 

93 

199.4       1 

13.8 

237 

134.4 

274 

155.5 

^"  0 

72.7       1 

63 

93-3 

200          I 

14 

237.2 

135 

275       ' 

156 

312.8 

73           ' 

63.4 

93.8 

201           1 

14.4 

238 

135.5 

276 

I  S6. 1 

Z^i 

73-3       ' 

64 

94 

201 . 2       I 

15 

239 

136 

276.8 

156.6 

3M 

73-8      ^ 

65 

94.4 

202           I 

^S .  5 

240 

136. 1 

277 

157 

314.6 

74           I 

6!?. 2 

95       1 

203           I 

16 

240.8 

136.6 

278 

157.2 

3^5 

74.4       I 

66 

95.5 

204           I 

16.  I 

241 

137 

278.6 

157.7 

316 

75           ^ 

67 

96 

204.8       I 

16.6 

242 

137.2 

279 

158 

31^-4 

75-5       I 

68 

96. 1 

205           I 

17 

242.6    t 

137.7  , 

280 

158.3 

317 

76           1 

68.8 

96.6  , 

206           I 

17.2  [ 

243 

138 

280.4 

158.8 

3*8 

76. 1       I 

69 

97 

206.6      I 

17.7  , 

244 

'38.3 

281 

159 

318.2 

-6.6       I 

70 

97.2 

207           I 

18 

244.4 

138.8 

2S2 

159.4 

319 

1 

70.6    ■ 

97.7 

208           I 

18.3 

1 

245          ; 

139 

282.2 

160 

1 

320 
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THERMOMETRIC   EQUIVALENTS.— (Cotrtinu^d.) 


0 

po 

C.« 

F.** 

C.** 

1 
po 

1 

c.« 

po 

C.** 

9 

F.« 

'.5 

321 

181. 1 

-  ■  ■  1 
358 

202 

395.6 

222.7 

433 

243-3 

470 

321.8 

181. 6 

359 

202.2 

396 

223 

433-4 

243.8 

471 

.1 

322 

i  182 

359.6 

202.7 

397 

223.3 

434 

244 

471.2 

.6 

323 

i  182.2 

360 

203 

397.4 

223.8 

435 

244.4 

472 

323.6 

182.7 

361 

203.3 

398 

1  224 

435.2  ; 

245 

473 

.2 

324 

183 

361.4  1 

203.8 

399 

224.4 

436 

245.5 

474 

.7 

325 

183.3 

362 

204 

399.2 

225 

437 

246 

474.8 

325-4 

183.8 

363 

204.4 

400 

225.5 

438 

246.1 

475 

.3 

326 

184 

363.2  : 

205 

401 

226 

438.8 

246.6 

476 

.8 

327 

184.4 

364 

205.5 

402 

226. 1 

439 

247 

476.6 

. 

327-2 

185 

365 

206 

402.8 

226.6 

440 

247.2 

477 

.4 

328 

185.5 

366 

!  206.1 

403 

227 

440.6 

247.7 

478 

329 

186 

366.8 

>  206.6 

404 

227.2 

441 

248 

478.4 

.5  330 

186. 1 

367 

207 

404.6  1 

227.7 

442 

248.3 

479 

330-8 

186.6 

368 

207. 2 

405 

228 

442.4 

248.8 

480 

'.I  33^ 

!  187 

368.6 

207.7 

406 

228.3 

443 

249 

480.2 

.6   332 

187.2 

369 

208 

406.4 

228.8 

1 

444 

249.4 

481 

332.6 

187.7 

370 

208.3 

407 

229 

444.2 

250 

482 

.2  .  333 

188 

370.4 

208.8 

408 

229.4 

445 

250.5 

483 

.7   334 

188.3 

371     ' 

209 

408.2 

230 

446 

251 

483.8 

'   .  334.4 

188.8 

372 

■  209.4 

409 

230.5 

447 

251. 1 

484 

1.3  i  335 

189 

372.2 

210 

410 

231 

447-8 

251.6 

48s 

-8  1  336 

189.4 

373 

210.5 

411     ! 

231.1 

448 

252 

485.6 

336.2 

190 

374 

211 

411. 8 

231.6 

449 

252.2 

486 

'.4   337 

190.5 

375 

211 . 1 

412 

1  232 

449-6 

252.7 

487 

33^ 

,  191 

375.8 

211 .6 

413 

232.2 

450 

253 

487.4 

•.5   339 

191. 1 

376 

212 

413-6 

232.7 

451 

2533 

488 

339.8 

191 .6 

377 

212.2 

414 

233 

451-4 

253.8 

489 

.1  ,  340 

192 

377.6 

212.7 

415 

233.3 

452 

254 

489.2 

.6   341 

192.2 

378 

213 

415.4 

233.8 

453 

254-4 

490 

341.6 

192.7 

379 

'  213.3 

416 

234 

453-2 

255 

491 

.2 

342 

193 

379-4 

:   213.8 

417 

234.4 

454 

■  255-5 

492 

.7 

343 

193.3 

380 

214 

417.2 

235 

455 

256 

492.8 

1  343-4 

i  193.8 

381 

214.4 

418 

■  235.5 

456 

;  256.1 

493 

.3  1  344   1 

194 

381.2  , 

.   215 

419   1 

:  236 

456.8 

256.6 

494 

.8 

345 

194.4 

382    : 

215-5 

420 

!  236.1 

457   ! 

257 

494.6 

345-2 

1  195 

383 

216 

420.8 

236.6 

458   , 

257.2 

495 

.4 

346 

195.5 

384 

216. 1 

421   j 

237 

458.6  1 

257.7 

496 

347 

196 

384.8 

216.6 

422 

237.2 

459 

258 

496.4 

•5 

348 

196. 1 

385 

217 

422.6 

237.7 

460 

258.3 

497 

348.8 

196.6 

386 

217.2 

423 

!   238 

460.4 

258.8 

498 

M 

349 

197 

386.6 

217.7 

424 

238.3 

461 

259 

498.2 

.6 

350 

197.2 

387 

218 

424.4  ! 

238.8 

462 

259-4 

499 

350.6 

197.7 

388 

218.3 

425 

239 

462.2 

260 

500 

.2 

351 

198 

388.4 

j  218.8 

426 

239.4 

463 

260.5 

501 

.7 

352 

198.3 

389 

219 

426.2 

240 

464 

261 

501.8 

352.4 

198.8 

390 

219.4 

427 

1  240.5 

465 

1  261 . I 

502 

.3 

353 

199 

390.2 

220 

428 

241 

465.8 

261 .6 

503 

.8 

354 

199.4 

391 

220.5 

429 

241 . 1 

466 

262 

503.6 

354.2 

<  200 

392 

221 

429.8 

i  241.6 

467 

,  262.2 

504 

.4 

355 

200.5 

393 

221 . 1 

430 

i  242 

467.6 

262.7 

505 

356 

201 

393.8 

221 .6 

431 

242.2 

468 

1  263. 

505.4 

.5 

357 

201. 1 

394 

222 

431.6 

242.7 

469 

263.3 

506 

357.8, 

1 

201.6 

395 

222.2 

432 

1  ^43 

1 

469.4 

263.8 

507 

APPENDIX. 

THERHOHETRIC   EQUIVALENTS.— (CtmttMumJ.) 


C." 

po 

C." 

po 

C." 

po 

C." 

po 

C." 

F." 

a64 

507.3 

371.6 

531 

378.8 

534 

386.1 

547 

'93-3 

560 

36*.  4 

,08 

373 

S3.. 6 

MS 

S 

561 

a6s 

387 

'94 

S6:.j 

a6s.S 

Sro 

37^.7 

S"3 

536 

387.3 

54g 

"94 

563 

366 

aJ3 

513-4 

537 

387.7 

550 

acjs 

366.1 

'"■3 

38t 

S17.8 

^64 

53S 

a  67 

S"-t> 

374 

Sas-a 

539 

55' 

31,6 

S6S 

267.  a 

S13 

374.4 

5=6 

agi 

S39.6 

389 

55'-' 

3<,6 

,66 

SU 

»7S 

527 

540 

SS3 

347 

566. 6 

5'4.4 

a7S-S 

383.7 

541 

390 

554 

'97 

567 

»68,3 
36S.I 

376 

538.8 

383 

'97 

568 

S'6 

.76.1 

'83-3 

391 

555-8 

308 

S6«.4 

a69 

S'6.i 

53° 

383.8 

543 

39..  I 

SS6 

398 

I 

569 

369.4 

37; 

391.6 

39» 

870 

S18 

277-3 

S3' 

544 

39  J 

557-6 

'99 

570.3 

270.5 

53' 

'5^ 

545 

393.3 

399.4 

371 

S314 

393.7 

559 

57' 

371.1 

5JO 

=78.3 

533 

546-8 

"93 

S59-I 

SPECIFIC  GRAVITY  TABLES. 

BatoHi's  Scale  for  Liquids  Lighter  than  Water. 

The  following  table  is  calculated  for  a  temperature  of  17.5°  C.  (63.5°  F.),  and  it 


based  on  the  formulas  |. 


:specific  gravity  and 


specific  gravity 


—130=8". 


Djj™ 

s^ijt 

1      V^gm> 

sp«mc 

1  ,.^ 

8p«i»c 

Dtgn* 

,,«« 

B.UO*. 

(Jmvit,-. 

Bull  int. 

G„,itr. 

Gnril)-. 

10 

1. 0000 

1        33 

0.8588 

56 

o.7S'6 

79 

0.6698 

9919 

1        3* 

8536 

57 

7486 

80 

6666 

y859 

'        35 

B484 

58 

7446 

8. 

663  s 

13 

9790 

■        36 

8433 

59 

7407 

83 

66^4 

14 

9733 

'        37 

8383 

60 

7368 

83 

6573 

'S 

9655 

38 

8333 

61 

73 '9 

84 

6542 

16 

9589 

39 

8=84 

63 

7290 

85 

65.1 

'7 

95'3 

40 

^JS 

63 

7' S3 

86 

648J 

18 

9459 

4" 

8187 

64 

7316 

87 

645' 

939S 

42 

8'39 

65 

7'79 

88 

6433 

93J3 

43 

8093 

66 

714a 

89 

6393 

1,271 

44 

8045 

67 

7106 

90 

6363 

4S 

8000 

68 

7070 

91 

6335 

'3 

46 

7954 

69 

7035 

9' 

63e.fi 

9090 

47 

7909 

70 

7000 

93 

6278 

'5 

9032 

48 

7865 

71 

6965 

94 

6350 

36 

8974 

7831 

;i 

693' 

95 

6322 

'I 

ir^ 

50 

7777 

73 

6896 

96 

619s 

38 

0 

8860 

SI 

7734 

6863 

97 

6167 

29 

880; 

5" 

7693 

75 

6839 

98 

6140 

87  50 

S3 

7650 

76 

6796 

99 

61:3 

8695 

54 

7608 

77 

6763 

6087 

33 

0  8641 

55 

°  7567 

78 

° 

673" 
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BAUMfe'S  SCALE  FOR  LIQUIDS  HEAVIER  THAN  WATER. 


1 

Rational 

!     •• 

Rational 

BftumA, 

Baum6 

% 

6aum6, 

Baum6 

^ 

17.6°  C. 

Scale, 

S) 

17.6°  C. 

Scale, 

12.50  C. 

& 

12.50  c. 

Sp.  gr. 

Sp.gi. 

Sp.  gr. 

Sp.gr. 

0 

I . 0000 

I . 0000 

37 

1.3370 

1.3447 

I 

I . 0068 

I . 0069 

38 

1.3494 

1.3574 

3 

X.OI38 

I.014Q 

39 

I. 3619 

1.3703 

3 

1.0208 

I. 02  I  2 

40 

1.3746 

1.3834 

4 

.0280 

1.0285 

41 

1.3876 

1.3968 

5 

I    0353 

1.0358 

42 

1.4009 

I. 4105 

6 

I.O426 

1.0434 

43 

I. 4143 

1.4244 

7 

1.0501 

I . 0509 

44 

I. 4281 

1.4386 

8 

1.0576 

1.0587 

45 

I. 4421 

I. 4531 

9 

I . 0653 

1.0665 

46 

1.4564 

1.4678 

10 

I. 0731 

1.0745 

47 

I. 4710 

1.4828 

II 

Z.0810 

X.0825 

48 

1.4860 

1.4984 

12 

I . 0890 

1.0907 

49 

1.501a 

I.5141 

13 

1.0972 

I . 0990 

50 

I. 5167 

I. 5301 

14 

I. 1054 

I. 1074 

51 

1.5325 

1.5466 

IS 

1.1138 

I . I I 60 

52 

1.5487 

1.5633 

16 

I. 1224 

I. 1247 

53 

1.5652 

I . 5804 

17 

I.I310 

I. 1335 

54. 

1.5820 

1.5978 

18 

I. 1398 

I. 1425 

55 

1.5993 

I. 6158 

19 

I. 1487 

I. 1516 

56 

I. 6169 

1.6342 

20 

I. 1578 

I. 1608 

57 

1.6349 

1.6529 

21 

I. 1670 

I. 1702 

58 

1-6533 

1.6720 

22 

I. 1763 

I. 1798 

59 

I. 6721 

I .6916 

23 

I. 1858 

I. 1896 

60 

I. 6914 

1.7116 

24 

I. 1955 

I. 1994 

61 

I.7HI 

1.7322 

25 

1.2053 

1.2095 

62 

I. 7313 

1.7532 

26 

1-2153 

I. 2198 

63 

1.7520 

1.7748 

27 

1.2254 

I. 2301 

64 

I. 7731 

I .7960 

28 

1.2357 

1.2407 

65 

1.7948 

I. 8195 

29 

1.2462 

1-2515 

66 

I. 8171 

1.8428 

30 

1.2569 

1.2624 

67 

1.8398 

1.839 

31 

1.2677 

1.2736 

68 

1.8632 

1.864 

32 

1.2788 

1.2849 

69 

1.8871 

1.885 

33 

I. 2901 

1.2965 

70 

I.9117 

1.909 

34 

I. 3015 

1.3082              1 

71 

1.9370 

1.93s 

35 

I.313I 

1.3202 

72 

1.9629 

1.960 

36 

1.3250 

1.3324 

What  is  known  as  the  "Rational  "  B 

aumd  scale  is  calculated  by  taking  water 

at  the  temperature  chosen  at  0°  B.  and  s 

ulphuric  acid  of  1.842  specific  gravity  at 

66®  B.  and  using  the  formula  ■_  ^^^'^  -^ ' 

=  d.     (See  Lunge's  "  Sulphuric  Acid  and 

^  ^      ^        ^                                ^ 

144.3 » 

Alkali,"  Vol.  I.  p.  20.) 
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THERMOMETRIC   EQV IV ALEtfTS.— (Continued.) 


c.« 

C.« 

1 

1 

F.« 

1 

F.« 

C.*» 

F.** 

56.6 

134 

77.2 

1 
171   i 

98 

■ 
208.4 

1 

118. 8 

246 

139.4 

283 

57 

134.6 

77.7 

172   ' 

98.3 

209 

119 

246.2 

140 

284 

57-2 

135 

78 

172.4 

98.8 

210 

119. 4 

247 

140.5 

285 

57-7 

136 

78.3 

173 

99 

210. a 

120 

248 

141 

285.8 

58 

136.4 

78.8 

174 

99.4 

211 

120.5 

249 

1  141.1 

286 

58.3 

137 

79 

174.2 

100 

212   1 

121 

249.8 

141. 6 

287 

58.8 

138   , 

79.4 

175 

100.5 

2^3 

121. 1 

250 

142 

287.6 

59 

138.2 

80 

176 

lOI 

213.8 

121. 6 

251 

142.2 

288 

59-4 

139 

80.5 

177 

lOI  .  I 

214 

122 

251.6 

142.7 

289 

60' 

140   1 

81 

177.8 

I0I.6 

215 

[   122.2 

252 

!  M3 

289.4 

60.5 

1 
141   , 

81. 1 

178 

102 

215.6 

122.7 

253 

143-3 

290 

61 

141. 8 

81.6 

179 

'  102.2 

216 

123 

253.4 

143^8 

291 

61.1 

142 

82 

179.6 

102.7 

217 

"3.3 

254 

144 

291 .2 

61.6 

M3 

82.2 

180 

103 

217.4 

123.8 

255 

144.4 

292 

62 

143.6 

82.7 

181   , 

!  ^os.3 

ai8 

i  124 

255.2 

145 

293 

62.2 

144 

83 

181. 4 

103.8 

219 

124.4 

256 

145.5 

294 

62.7 

M5 

83.3 

182 

164 

219.2 

125 

257 

146 

294.8 

63 

M5-4 

83.8 

183 

104.4 

220 

125.5 

'58 

146. 1 

295 

^3-3 

146 

84 

183.2 

;  105 

221 

126 

258.8 

146.6 

296 

63.8 

M7 

84.4 

184 

105.5 

222 

126. 1 

259 

M7 

296.6 

64 

147.2  , 

85 

^85    : 

1  106 

222.8 

126.6 

260 

147.2 

297 

64.4 

148 

85.5 

186 

106. 1 

223 

127 

260.6 

147.7 

298 

65 

149 

86 

186.8 

;  106.6 

224 

127.2 

261 

148 

298.4 

65-5 

150 

86.1 

187 

1  107 

224.6 

127.7 

262 

148.3 

299 

66 

150.8 

86.6 

188 

107.2 

225 

128 

262.4 

,  148.8 

300 

66.1 

151 

87 

188.6 

107.7 

226 

128.3 

263 

!  149 

300. 2 

66.6 

152 

87.2 

189 

108 

226.4 

128.8 

264 

149.4 

301 

67 

152.6 

87.7 

190 

108.3 

227    1 

129 

264 . 2 

150 

302 

67.2 

153 

88 

190.4 

108.8 

228 

1  129.4 

265 

150.5 

303 

67.7 

154 

88.3 

191 

109 

228.2 

130 

266 

151 

303.8 

68 

154.4 

88.8 

192 

109.4 

229 

130.5 

267 

151.1 

304 

68 . 3 

155 

89 

192. 2 

1 10 

230 

131 

267.8 

I  5 1 . 6 

305 

68.8 

156 

89.4 

193 

no. 5 

^^' 

131. I 

268 

152 

305.6 

69 

156.2 

90 

194 

I  I  I 

23^.8 

131  .6 

269 

152.2 

306 

69.4 

157 

90.5 

195 

II  I  .  I 

232 

132 

269.6 

152.7 

;?o7 

70 

158 

91 

195.8 

III. 6 

^33 

132.2 

270 

153 

307.4 

70.5 

KS9 

91 .  I 

196 

I  12 

^33-^ 

132.7 

271 

153.3 

71 

159.8 

91 .6 

197 

1 12.  2 

234 

^33 

271.4 

153.8 

71. 1 

160 

92 

197.6 

112. 7 

235   1 

^33-3 

272 

154 

309.2 

71 .6 

161 

92.2 

198 

113 

235.4 

133.8 

273 

154.4 

310 

72 

161. 6 

92.7 

199 

^'3-3 

236 

134 

273.2 

155 

311 

72 .  2 

162 

93 

199.4 

1.3.8 

237 

134.4 

274 

155.5 

312 

72.7 

163 

93-3 

200 

114 

237.2 

135 

275 

156 

312.8 

73 

163.4 

93-8 

201 

114.4 

238 

135-5 

276 

156. 1 

3^3 

73-3 

164 

94 

201 . 2 

115 

239 

136 

276.8 

156.6 

3M 

73.8 

165 

94.4 

202 

1 1 5  .  5 

240 

136.1 

277 

157 

314.6 

74 

165.2 

95 

203 

116 

240.8 

136.6 

278 

157.2 

315 

74.4 

166 

95.5 

204 

1 16.  I 

241 

137 

278.6 

157.7 

316 

75 

167 

96 

204.8 

116. 6 

242 

137.2 

279 

158 

316.4 

75.5 

168 

96. 1 

205 

117 

242  .6 

137.7 

280 

158.3 

317 

76 

168.8 

96.6 

206 

117.2 

243 

138 

280.4 

158.8 

318 

76.  I 

169 

97 

206.6 

117. 7 

244 

138.3 

281 

159 

318.2 

76.6 

170 

97.2 

207 

118 

244.4 

138.8 

282 

159.4 

319 

77 

170.6 

97.7 

208 

1 

118.3 

245 

i  139 

282.2 

160 

1 

120 
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THERMOMETRIC   EQUIVALENTS.— (Ciwiinued.) 


c.« 

po 

C.« 

F.*» 

1 

F.*» 

C 

po 

i 

c.** 

F.*» 

160.5 

1 

321 

181. 1 

358 

202 

395-6, 

222.7 

433   ' 

243-3 
243-8 

470 

161 

321.8 

181. 6 

359 

202.2 

396   ! 

223 

433.4 

471 

161. 1 

322    1 

182 

359-6 

;  202.7 

397 

223.3 

434 

244 

471. a 

161. 6 

323 

182.2 

360 

203 

397.4 

I  223.8 

435 

244.4 

472 

162 

323.6 

182.7 

361 

203.3 

398 

224 

435.2 

245 

473 

162.2 

324 

183 

361.4  1 

203.8 

399 

224.4 

436 

245.5 

474 

162.7 

325    j 

1  183.3 

362 

204 

399-2 

225 

437 

246 

474.8 

163 

325.4  , 

183.8 

363 

,  204.4 

400 

225.5 

438 

246.1 

475 

163-3 

326 

184 

363.2 

205 

401 

{  226 

438.8 

;  246.6 

476 

163.8 

327 

184.4 

364 

205.5 

402 

226. 1 

439 

247 

476.6 

164 

327.2 

185 

365 

206 

402.8 

226.6 

440 

247.2 

477 

164.4 

328 

185.5 

366 

[    206.1 

403 

227 

440.6 

247.7 

478 

165 

329    1 

186 

366.8 

206.6 

404 

=227.2 

441 

248 

478.4 

165.5 

330 

186. 1 

367   I 

207 

404.6  1 

1  227.7 

442 

248.3 

479 

166 

3308 

186.6 

368   ■ 

207.2 

405   1 

.  228 

442.4 

1  248.8 

480 

166. 1 

33^       ! 

187 

368.6  ' 

207.7 

406 

228.3 

443 

249 

480.2 

166.6 

1 
332 

187.2 

369 

208 

406.4 

228.8 

444 

249.4 

481 

167 

332.6 

187.7 

370 

208.3 

407 

229 

444.2 

250 

482 

167.2 

333 

188 

370.4 

208.8 

408 

229.4 

445 

250.5 

483 

167.7 

334 

i  188.3 

371 

209 

408.2 

230 

446 

251 

483.8 

168 

334.4 

i  188.8 

372 

209.4 

409 

230.5 

447 

251. 1 

484 

168.3 

335 

189 

372.2 

210 

410   , 

231 

447.8 

251.6 

485 

168.8 

336 

189.4 

373 

210.5 

411 

231. 1 

448 

252 

485.6 

169 

336.2  i 

190 

374 

211 

411. 8 

231.6 

449 

252.2 

486 

169.4 

337 

190.5 

375 

211  .  I 

412 

232 

449-6 

252.7 

487 

170 

33» 

191 

375.8 

211  .6 

413 

232.2 

450 

253 

487.4 

170.5 

339 

191. 1 

376 

212 

413-6 

232.7 

451 

253.3 

488 

171 

339.8 

1  191. 6 

377 

212.  2 

414 

233 

451.4 

253-8 

489 

171. 1 

340 

1  192 

377-6 

i  212.7 

415 

233.3 

452 

254 

489.2 

171. 6 

341 

192.2 

378   i 

213 

415.4 

233  .8 

453 

254.4 

490 

172 

341.6 

192.7 

379 

213-3 

416 

234 

453-2 

255 

491 

172.2 

342 

i  193 

379-4 

!  213.8 

417 

234.4 

454 

255.5 

492 

172.7 

343 

;  193.3 

380 

,  ^'4 

417.2 

1  ^35 

455 

256 

492.8 

173 

343-4 

1  193-8 

381 

214.4 

418 

'  235.5 

456 

256.1 

493 

173.3 

344 

194 

381.2 

,  2^5 

419   i 

236 

456.8 

256.6 

494 

173.8 

345 

194.4 

382 

215-5 

420 

;  236.1 

457 

257 

494.6 

174 

345.2 

195 

383   1 

216 

420.8  ' 

236.6 

458 

257.2 

495 

174.4 

346 

195.5 

384   : 

216. 1 

421 

1  237 

458.6 

257.7 

496 

175 

347 

196 

384.8  ! 

216.6 

422 

1  237.2 

459 

258 

496.4 

175.5 

348 

196. 1 

385 

217 

422.6 

237.7 

460 

258.3 

497 

176 

348.8 

196.6 

386 

217.2 

423 

238 

460.4 

258.8 

498 

176. 1 

349 

197 

386.6 

217.7 

424 

,  238.3 

461 

259 

498.2 

176.6 

350 

!  197.2 

387 

218 

424.4  ; 

:  238.8 

462 

259-4 

499 

177 

350.6 

197-7 

388 

218.3 

425 

239 

462.2 

260 

500 

177.2 

351 

198 

388.4 

1  218.8 

426 

239.4 

463  i 

260.5 

501 

177.7 

352 

198.3 

389 

219 

426.2 

240 

464 

261 

501.8 

178 

352.4 

198.8 

390 

!  219.4 

427 

1  240.5 

465  , 

1  261. I 

502 

178.3 

353 

199 

390.2 

220 

428 

241 

465.8; 

261 .6 

503 

178.8 

354 

199.4 

391 

220.5 

429 

241. 1 

466 

262 

503.6 

179 

354.2 

200 

392 

221 

429.8 

241 .6 

467 

262.2 

504 

179.4 

355 

200.5 

393 

221 . 1 

430 

242 

467.6  1 

262.7 

505 

z8o 

356 

201 

393-8 

221 .6 

431 

i  242.2 

468 

i  263, 

505.4 

180.5 

357 

201 . 1 

394 

222 

431.6 

242.7 

469 

263.3 

506 

x8i 

357.8 

201 .6 

395 

222.2 

432 

1 

i  243 

1 

469.4 

263.8 

1 

507 

APPENDIX. 
THERMOMETRIC   EQUIVALENTS.— (CMtfwtwd.) 


C." 

F.» 

C.° 

p.. 

C." 

F.° 

C." 

F.° 

C." 

F." 

364 

271.6 

,.. 

378.8 

38fi.. 

393-3 
393.8 

S6o 

S08 

521.6 

S48 

S6t 

a6s 

509 

372.3 

533 

979-4 

535 

387 

548.6 

394 

S61.3 

"65-5 

510 

379.7 

5=3 

549 

394-4 

„o.« 

»8o.s 

287-: 

Sfil 

*73-3 
373-8 

537.8 

388 

Sfi4 

5" 

."S 

538 

55" 

396 

564.8 

a67 

,.".6 

=74 

a8l.6 

296.. 

<!6s 

a67.i 

5'3 

274-4 

5=6 

539.6 

389 

SS»-  = 

566 

367.7 

514 

875 

S'7 

540 

397 

5.8 

382.7 

S67 

168.3 

376 

5  =  8.8 

=  83 

397.7 

568 

5'6 

376.1 

'83.3 

SSS-8 

S68.4 

369 

5"6.3 

530 

383.8 

543 

291.1 

556 

1   298.3 

569 

a69-4 

S'7 

377 

^ia.6 

543-* 

2q..6 

SS7 

,   398.8 

57° 

a:o 

377-3 

S3' 

544 

292 

SS7-6 

299 

S70.2 

370.5 

14^ 

558 

399.4 

371 

S19.8 

53  =  -4 

=85-5 

546 

398.7 

SS9 

300 

573 

«7*-i 

S»o 

533 

3H6 

293 

559-1 

SPECIFIC  GRAVITY  TABLES. 

BaunWs  Scale  for  Liquids  Lighter  than  Water. 

The  following  table  is  calculated  for  a  temperature  of  17.5°  C.  (63.5'  F.),  and  is 

=specific  gravity  and ^-^ ^ iio=B°. 

'  specific  gravity       ' 


based  on  the  formulas  ^ 


^ 

■       Sj-titt.- 

1      IX-Kn* 

iipvciHc 

1      l>e>r« 

BpKifll 

Vtgrtt 

Spfcillc 

Bmmi. 

Gnvliy. 

Bauin#. 

GmvKj, 

'     B.UOI*. 

GI..IIJ. 

Bum«. 

OT..IV. 

10 

1     I. 0000 

1        33 

0.8588 

56 

o.7S»6 

79 

0.6698 

9929 

8536 

57 

7486 

80 

0.6666 

9859 

35 

8484 

S8 

7446 

81 

0.663s 

'3 

9790 

36 

8433 

59 

7407 

82 

0.6604 

9733 

37 

8383 

60 

7368 

83 

0.6573 

IS 

965s 

38 

8333 

61 

7339 

84 

0.6542 

16 

9589 

39 

8.84 

62 

7390 

85 

0.6s.. 

'7 

95'3 

823  s 

63 

7253 

86 

0.648a 

18 

94  59 

8,87 

64 

7216 

87 

0.6452 

19 

9395 

8139 

65 

7179 

88 

0.6431 

<)M3 

43 

809a 

66 

7142 

89 

0,6393 

8045 

67 

7.06 

90 

0.6363 

9210 

68 

7070 

9' 

0-6335 

33 

46 

7954 

69 

703  s 

92 

0.6306 

24 

9090 

47 

7909 

70 

7000 

93 

O.637S 

23 

9032 

48 

786s 

71 

6965 

94 

0.6250 

z6 

8974 

49 

7821 

7  = 

693' 

95 

0.6222 

89.7 

7777 

73 

6896 

96 

0.619s 

78 

8860 

7734 

74 

6863 

97 

0.6167 

29 

8805 

7692 

75 

6829 

98 

0.6140 

8750 

53 

7650 

76 

6796 

99 

o.6tij 

8695 

54 

7608 

77 

6763 

0.6087 

3' 

!    0 

8641 

SS 

0.7567 

78 

0 

6731 
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BAUMfe'S  SCALE  FOR  LIQUIDS  HEAVIER  THAN  WATER. 


1 

Rational 

• 

Rational 

Bauiii^, 

Baum6 

c 

Batim^, 

Baun]6 

1 

17.5°  0. 

ScAle, 

& 

17.50  C. 

Scale, 

12.50  c. 

& 

12.50  c. 

Sp.  gr. 

Sp.  gr. 

1 

Sp.  gr. 

Sp.gr. 

0 

I . 0000 

I . 0000 

37 

1.3370 

1.3447 

I 

1.0068 

I . 0069 

38 

1.3494 

1.3574 

2 

I. 0138 

I.014Q 

39 

I. 3619 

1.3703 

3 

1.0208 

I. 0212 

40 

1.3746 

1.3834 

4 

.0280 

1.0285 

41 

1.3876 

1.3968 

S 

1-0353 

1.0358 

42 

1.4009 

I. 4105 

6 

I.O426 

1.0434 

43 

I. 4143 

1.4244 

7 

I. 0501 

1.0509 

44 

I. 4281 

1.4386 

8 

1.0576 

1.0587 

45 

I. 4421 

I. 4531 

9 

1.0653 

1.0665 

46 

1.4564 

1.4678 

10 

I. 0731 

1.0745 

47 

I. 4710 

1.4828 

II 

I. 0810 

1.0825 

48 

I . 4860 

1.4984 

12 

I . 0890 

1.0907 

49 

I. 5012 

I.5141 

13 

1.0972 

1.0990 

50 

I. 5167 

I. 5301 

14 

I. 1054 

I. 1074 

51 

1.5325 

I . 5466 

IS 

I.II38 

I. I I 60 

52 

1.5487 

I . 5633 

16 

I. 1224 

I. 1247 

53 

1.5652 

I . 5804 

17 

I.I310 

I. 1335 

54 

1.5820 

1.5978 

18 

I. 1398 

I. 1425 

55* 

I . 5993 

I. 6158 

19 

1.1487 

I.1516 

56 

I. 6169 

1.6342 

20 

I. 1578 

I. 1608 

57 

1.6349 

1.6529 

21 

I. 1670 

I. 1702 

58 

1.6533 

1.6720 

22 

I. 1763 

I. 1798 

59 

I. 6721 

I . 69 I 6 

23 

I. 1858 

I. 1896 

60 

I. 6914 

1.7116 

24 

I. 1955 

I. 1994 

1      ^' 

1.7111 

1.7322 

25 

1.2053 

1.2095 

i       62 

I. 7313 

1.7532 

26 

I-2I53 

I. 2198 

;    63 

1.7520 

1.7748 

27 

1.2254 

I. 2301 

64 

1.7731 

1.7960 

28 

1.2357 

1.2407 

65 

1.7948 

I. 8195 

29 

1.2462 

I. 2515 

66 

1.8171 

1.8428 

30 

1.2569 

1.2624 

67 

1.8398 

1.839 

31 

1.2677 

1.2736 

68 

1.8632 

1.864 

32 

1.2788 

1.2849 

69 

I. 8871 

1.885 

33 

I. 2901 

1.2965 

70 

1.9117 

1.909 

34 

1.3015 

1.3082 

71 

1.9370 

1.935 

35 

1.3131 

1.3202 

72 

1.9629 

1.960 

36 

1.3250 

1.3324 

What  is  known  as  the  "  Rational  "  Baumd  scale  is  calculated  by  taking  water 
at  the  temperature  chosen  at  0°  B.  and  sulphuric  acid  of  1.842  specific  gravity  at 

I  A.A.   "Z 

66®  B.  and  using  the  formula  — ^^^ —  — 
Alkali,"  Vol.  I.  p.  20.) 


144.3—^ 


=  d.     (See  Lunge's  "  Sulphuric  Acid  and 


46 


COMPARISON   OF  THE   TWADDELL  SCALE  WITH  THE 
RATIONAL   BAUM6  SCALE. 


i 

d 

6 

<= 

» 

_, 

^ 

1 

1 

P 

1 

1 

t 

1 

1 

P 

1 

1 

P 

0 

Q 

1. 000 

44 

a6.o     I 

110 

88 

44    1 

1.440 

'31 

57   I 

'.6SS 

0.7 

00  s 

45 

16 

4      I 

Its 

89 

44 

4 

1. 445 

i3» 

57 

t.66o 

46 

9      I 

230 

90 

44 

8 

'■450 

133 

57 

1.665 

3 

015 

47 

ns 

9' 

45 

'■455 

"34 

57 

..670 

4 

48 

9      I 

»40 

91 

45 

1.460 

'35 

58 

1-675 

5 

3 

03  s 

49 

4      • 

'*5 

93 

45 

8 

1.46s 

136 

58 

1.680 

6 

4 

030 

50 

8      t 

ISO 

94 

46 

1.470 

'37 

58 

..68s 

7 

4 

035 

S' 

3      • 

ass 

95 

46 

4 

■■475 

'38 

58 

1.690 

8 

5 

040 

5' 

7      ■ 

36a 

96 

46 

8 

..480 

139 

59 

'■69s 

9 

6 

04S 

S3 

165 

'I 

47 

1.485 

140 

S9 

1.700 

6 

050 

54 

6       I 

170 

98 

47 

1.490 

59 

1-705 

7 

«SS 

55 

175 

99 

47 

8 

■■495 

14* 

60 

1. 710 

8 

060 

S6 

S       ■ 

*8o 

48 

i.Soo 

■43 

60 

'-7'5 

8 

06  s 

S7 

"8s 

48 

'■50s 

144 

60 

1. 710 

9 

070 

58 

4       ■ 

J90 

48 

7 

■  ■S'o 

'45 

60 

■-7*5 

07  s 

59 

8      t 

39S 

103 

49 

1.315 

146 

60 

■-730 

□80 

60 

3      ' 

300 

104 

49 

■  .520 

•47 

61 

1-735 

085 

61 

7      I 

305 

los 

49 

7 

1.515 

148 

61 

1.740 

090 

6a 

3'0 

106 

50 

■■530 

149 

61 

'-745 

09  s 

03 

6      I 

3>5 

107 

50 

i 

1-535 

ISO 

61 

1   750 

'3 

64 

310 

108 

5° 

1.540 

'5' 

6i 

1-755 

13 

105 

65 

4      ' 

3»5 

109 

S« 

9 

I -545 

15a 

6] 

1.760 

66 

S      I 

330 

S' 

■■550 

153 

63 

1-765 

"5 

67 

335 

5' 

5 

■■555 

■54 

6» 

1.770 

15 

68 

6      1 

340 

51 

8 

1.560 

'SS 

f>3 

1-775 

16 

'^5 

69 

345 

■'3 

52 

■■565 

■56 

63 

t.780 

16 

■7 

'3° 
'3S 

JO 

7" 

8      I 

350 
355 

"5 

52 
S3 

7 

1-570 
■■S7S 

■•11 

63 
63 

1-785 
1.790 

■  7 

140 

71 

38 

360 

116 

53 

■  ■580 

'S9 

64 

1-795 

18 

3 

■45 

73 

J8 

6      [ 

36S 

'17 

S3 

3 

1.S85 

160 

64 

1.800 

t8 

8 

'50 

74 

39 

370 

53 

6 

1-590 

t6i 

64 

I-80S 

19 

3 

'55 

75 

39 

375 

;^9 

53 

9 

'-595 

161 

64 

..8.S 

19 

8 

160 
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Aberration,  chromatic,  8i 

spherical,  8i 
Abietic   anhydride,   68 1 
Abrastol,    643 
Abraumsalz,  381 
Absinthol,  676 
Absolute  temperature,  56 

zero,    56 
Acacia,    566 
Accumulators,   104 
Acet-/>-phenetidin,  616 
Acetal,  527 
Acetaldehyde,  525 
Acetal s,  527 
Acetamide,  558 
Acetanilid,   609 
Acetanilidum,  609 
Acetic   acid,   531 

manufacture  of,   577 
anhydride,    535 
ether,   547 
Aceto-acetic  acid,  544 
Aceto-phenone,  623 
Acetphenetidum,   616 
Acetone,  528 
Acetonum,    528 
Acetozone,  &8 
Acetyl  amido-phenol  sal- 
icylate, 632 
chloride,  535 
salicylic  acid,  632 
tannm,  634 
Acetylene,  283,  503 
gas,   284 
series,    503 
Achro-dextrine,    566 
Acid,  acetic,  531 

manufacture  of,   577 
aceto-acetic,    544 
acetyl  salicylic,  632 
aconite,   540 
acrylic,  534 
adipic,    539 
alloxantic,   582 
amido-acetic,    536 
benzene      sulphonic, 

609 
butyric,  536 
caproic.  537 
propionic,  536 
valeric,    536 
angelic,   534 
anhydrides,    136,   535 
anisic,  632 


Acid,    anthranilic,    628 
arabic,  566 
arachidic,  533 
arsenic,  262 
arsenous,  259,  ^61 
aspartic,  558 
atropic,  630 
barbituric,  581 
benzene   hexacarboxyl- 
ic,  630 

tetracarboxylic,    630 
benzoic,  627 

ami  do,   628 

isopropyl,  629 

sulphamid-o,    628 
berberonic,   649     , 
boric,   273 
bromic,   204 
caffeic,   635 
camphoric,  676 
cantharidic,  690 
caproic,  533 
caprylic,   533 
carbonic,       derivatives 

of,.  578 
carminic,   687 
cerotic,    534 
chloracetic,  536 
chlor-auric,   406 
chloric,  202 
chlorous,  201 
chromic,  450,  451 
chrysophanic;    646 
citric,   543 
coumaric,    635 
crotonic,   534 
cumic,  629 
cyanic,    586 
digallic,   634 
dioxycinnamic,   635 
disulphuric,   223 
dithionic,   225 
doeglinic,    535 
erucic,  535 
erythritic,  540 
ethyl    sulphonic.    523 

sulphuric,    546 
ferric,   468 
fcrulaic,   635 
fluo-silicic,    183 
formic,    529 
fulminic,  586 
fumaric,   540 
gallic,  633 
gallotannic,   634 
glutamic,    558 


Acid,   glyceric,   540 
glycol  lie,  538 
glycoluric,   581 
glycuronic,  544 
glyoxalic,  544 
guanidine  acetic,   583 
halides,  535 
hippuric,  628 
hydantoic,   581 
hydratropic,    629 
hydrazoic,   237 
hydriodic,   i;^ 

dilute,   180 
hydrobromic,    //J,    173 

dilute,  173 
hydrochloric,    166, 

168 
hydrocinnamic,   629 
hydrocumaric,  632 
hydrocyanic,    584 
hydrofluoric,    183 
hydrofluosilicic,    296 
hydrosulphuric,    209 
hypobromous,  204 
hypochlorous,   200 
hypogaeic,  534 
hyponitrous,    239 
hypophosphorous,    251 
hyposulphurous,    213 
iodic,   205 
isocyanic,  586 
kynurenic,   652 
lactic,   538 
laevo-tartaric,    542 
lauric,    533 
levulolinic,    545 
lignoceric,   533 
linolcic,    535 
maleic,   540 
malic,  540 
malonic,    539 
mandelic,  633 
margaric,   533 
meconic,  666 
melilotic,  632 
melissic,  534 
meso-tartaric,   «;43 
mesoxaluric,  582 
meta-antimonic,    270 

antimonous,  269 

arsenic,  262,  263 

boric,   274 

phosphoric,    256 

silicic,   297 

stannic,  433,  433 
metanilic,    609 
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Acid,    (continued) 
methyl    hydantoic,    581 

sulphonic,    523 
molybdic,  460 
mucic,  544 
muriatic,    166;    168 
myristic,  533 
nicotinic,  650 
nitric,   242 

fuming,  244 
nitrohydrochloric,    245 
nilromuriatic,    245 
nitrous,  241 
oleic,  534 
opianic,  668 
ortho-arsenic,  262 

antimonic,  270 

antimonous,  269 

boric,   273 

phosphoric,   253 

sih'cic,  297 
oxalic,  538 
oxaluric,  581 
oxy-butyric,  538 

cinnamic,  635 

citric,   544 
palmitic,   533 
parabanic,    581 
pelargonic,  533 
penlathionic,    226 
perchloric,    203 
periodic,  205 
permanganic,  458 
persulphuric,  225 
phenol    siilplionic,    616 
phenyl   acetic,   629 

glycol  lie,    633 

propiolie,   630 
phosphomolybdic,    461 
phosphorus,  253 
picolinic,  6^9 
picric,   615 
piperic,    669 
propiolie,    535 

nitro-phenyl,    631 
propionic,    532 
protoeatechuie,    633 
prussie,   584 
pyro-antiiiionie,    268 
arsenie,  262,  26j 

boric,   274 

gallie,   619 

nuicie,    590 

phosphoric,    255 

raceiiiic.    544 

sulphuric,   223 

tartaric,    539 
quinie,   634,    O52 
([uinaldinie,   O52 
quinolinie,    649 
raeemie,   542 
rieinoleic,    535 
rosolic,    group.   638 
rubervthric.  680 


Acid,    salicylic    di-iodo, 
632 

methyl    -   oxymethyl 
ester,  632 
salicylics,  631 
santonic,    691 
sebacic,  539 
selenic,  227 
selenous,   227 
sozolic,   616 
stannic,  435 
stearic,  533 
suberic,   539 
succinic,  539 
sulphanilic,  609 
sulphocarbonic,  293 
sulpho-vinic,   546 
sulphuric,  218 

fuming,  223 

Nordhausen,   223 
sulphurous,   216 
tannic,  634 
tartaric,   540 
tartronic,   540 
telluric,  228 
tellurous,  228 
terphthalic,   630 
tetra  methylene  dicar- 

boxylic,  588 
trimethylene      carbox- 

yHc,  588 

tetraboric,  274 

tetra-thionic,   226 

tctrolic,   535 

thiocarbonic,  293 

thiosulphuric,    224 

triearballylic,   540 

trichloracetic,    536 

trithionic,    226 

tropic,  633 

umbellic,   635 

uric,  582 

vanillic,   633 

veratric,   633 

xanthogenic,    578 

xanthoproteic,    693 
Acids,    133 

alcohol,    537 

aromatic,   626 
unsaturated,    630 

basicity   of,    135 

benzene         carboxylic, 
630 
(licarboxylic.    629 
sulphonic,    605 

binary,   133 

butyric,    S3^ 

crcsylic,    617 

disilicic,    2ijS 

halogen.    133 

isosulphocyanic,    586 

naphthoic.   643 

nicotinic,  649 

organic,   528 


Acids,  oxygen,  133 
oxybenzoic,  631 
oxynaphthoic,  643 
phenol,  627,  631 
phenyl   propiolie,   629 
phthalic,  629 
poly  basic,    135 
polysilicic,   298 
polythionic,  213 
relative     affinities     of, 

147 

sulphocyanic,  586 

ternary,   133 

toluene   sulphonic,  605 

toluic,  629 

trisilicic,    298 

valeric,  532 

xylene  sulphonic,  608 

xylylic,  629 
Acidum   aceticum,   531 
glaciale,   531 

benzoicum,  627 

boricum,    274 

camphoricum,  676 

citricum,  542 

gallicum,  633 

hydrocyanicum      dilut- 
um,  584 

hydriodicum     dilutum, 
180 

hydrobromicum    dilut- 
um,  173 

hydrochloricum,    168 

hypophosphorosum, 
252 
dilutum,   252 

lacticum,  538 

nitrohydrochloricum, 

245 
oleicum,    534 

phosphoricum,    254 

salicylicum,    631 

stearicum,  533 

sulphuricum,  218,  2^2 

sulphurosum,  216 

tannicum,    634 

tartaricum,  540 

trichloraceticum,    536 
Aconite  alkaloids,  667 
Aconitic  acid,  540 
Aconitines,   668 
Acoustics,  46 
Acridine,    652 
Acrolein,    527 
Acrose,    562 
Acrylic  acid,  534 
Actinic    rays,    70,    143 
Actinium,   462 
Adanikiewicz       reaction, 

693 
Adeps  lana?.  515 

Adenin,    583 

Adhesion,    21 

Adipic   acid.   539 
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^scuHn,  687 
i^sculetin,   635 
iEther,  520 

aceticus,  547 
i^thylic   carbamas,    579 
Affinity,   chemical,    121 
influences   on,    142 
Agate,  296 
Air,  231 

inflammable,  158 

pump,   43 
Albumin,  egg,  695 

milk,  695 

serum,  695 
Albuminates,  acid, 
696 

alkali,  696 
Albuminoids,  coagulated 
694 

true,  694 
Albumins,  6q2,  695 
Albumose,  anti-,  697 

hemi-,  697 
Albumoses,  696 
Alcohol,  511,  577 

absolutum,  512 

acids,   537 

allyl,  514 
anisyl,   624 
benzyl,  622 
oxy,  624 
ceryl,  514 
cetyl,   514 
cinnamyl,  622 
dilutum,  512 
ethyl,  511 

hydrocinnamyl,    622 
methyl,  511 
myricyl,   514 
phenyl   propyl,   622 
piperonyl,  624 
primary,  509 
propargyl,   515 
salicylic,  624 
secondary,  509 
tertiary,  509 
vanillin,  624 
vinyl,   514 
Alcohols,   aliphatic,   509 
amyl,  513 
aromatic,  621 
butyl,   513 
diatomic,  515 
heptyl,  514 
hexatomic,   518 
hexyl,  514 
monatomic,  509 
nonatomic,  519 
octyl,  514 
oxyljenzyl,  624 
pentatomic,   517 
propyl,  513 
sulpho-,  522 
tctratomic,    517 


Alcohols,    tolyl,   622 

triatomic,  516 
Aldehyde,  anisic,  625 

methyl    protocatechuic 

625  j 

protocatechuic,   625 

methylene  ether,  626    , 
salicylic,  62s 

Aldehydes,  524 
aromatic,  622 
oxy,  625 
phenol,   625 

Aldoses,  559 

Aldoximes,  524 

Algaroth,  powder  of,  268 

Aliphatics,  the,  492,  497 

Alizarine,  645 
black,  643 

Alkali,  303 
chlorides,      electrolysis 

of,  704 
metals,  the,  303 

Alkalies,  caustic,  electro- 
lytic, 706 

Alkaline     earth     group, 

358 
Alkaloidal   reagents,   655 
Alkaloids,  654 

animal,   669 

extraction    of,    656 

volatile,  657 
Alkannin,  ^9 
Alkarsin,   558 
Allanite,  431 
Allantoin,    583 
Alloxan,   581 
Alloxanthm,    581 
Alloxantic    acid,    582 
Alloys,  58 
Allyl  alcohol,  514 

ether,  521 

isosulphocyanate,    587 

sulphide,  523 

sulphocyanate,    587 

sulphurea,   580 
Allylene,  503 
Aloin,  689 
Alonine,  536 
Aludels,   414 
Alum,    ammonia,    427 

cake,  427 

dried,  427 

potash,  427 
Alumen,  427 

exsiccatum,   427 
Alumina,   426 
Ahimini    hydroxidum, 
426 

sulphas,   427 
Aluminum,  423 

alloys,   425 

ammonium       sulphate, 

427 
bromide,  426 


Aluminum,    bronzes, 

425 
carbide,   281 
carbonate,  430 
chloride,  425 
fluoride,    182,   426 
hydroxide,    426 
iodide,   426 
oxide,  426 
phosphate,  428 
potassium        sulphate, 

.427 

silicates,  428 

sulphate,  427 
Alums,  the,  427 
Alunite,  423 
Amalgams,    59,    415 
Amber,  682 
Amides,  555 
Amido    acetic    acid, 

536 
benzene,  608 

sulphonic  acid,  609 
butyric  acid,  536 
caproic   acid,    537 
formic    acid,    536 
phenols,  616 
propionic  acid,  536 
purine,   583 
pyrotartaramide, 

pyrotartaric  acid,  558 

succinic  acid,  558 

succinamide,    558 

valeric  acid,  536 
Amidol,  617 
Amines,  555 
Ammeters,    107 
Ammonia,   233 

alum,  427 

detection  of,  235 

soda  process,  344 
Ammoniacum,  W4 
Ammonii  bromidum,  349 

benzoas,  628 

carbonas,    352 

chloridum,    348 

sodium,  350 

saltcylas,  631 

sulphas,  351 

valeras,   533 
Ammonio-platinic    chlor- 
ide, 236 
Ammonium,  233,  347 

benzoate,   628 

bicarbonate,    353 

bromide,    349 

carbamate,  353 

carbonate,   352 

chloride,  348 

cyanate,  586 

hydrosulphide,    351 

iodide,  350 

isocyanate,  586 
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Ammonium    (continued) 
magnesium      arsenate, 
383 
phosphate,    255,    383 
molybdate,^  461 
monosulphide,    351 
nitrate,   352 
nitrite,   352 
pentasulpnide,  351 
permanganate,   458 
phosphate,  352 
phospho    -    moiybdate, 

255,  461 

salicylate,   631 

sulphate,  351 

sulphide,  351 

sulphocyanate,    587 

tetrasulphide,  351 
Amorphous,   27,   61 
Ampere,  the,   102 
Ampere's   rule,    106 
Amygdalin,   686 
Amy!  acetate,  547 

alcohols,  513 

nitris,  545 

nitrite,  545 
Amylene    hydrate,    513 
Amylenes,  502 
Amyloid,  507,  700 
Amylum,  564 
Analgene,  652 
Analysis,    electro-chemi- 
cal,  702 

spectrum,  79 
Analytic    reactions,    122, 

141 
Analyzer,   86 
Anatase,  443 
Aneroid    barometer,    40 
Anethol,   678 
Angelic  acid,   534 
Angle,  critical,  74 
Angles,  61 
Anglesite,  436,  440 
Anhydrides,  136 
Anhydrite,    358 
Anilids,   609 
Anilin,   608 

Anilines,    substituted.  608 
Anions,     1^4 
Anisic    acid,   632 

aldehyde.  625 
Anisol,    617 
Anisyl   alcohol,  624 
Annaline,  367 
Anode,  99,  144 
Anorthite,    297 
Anthrascne,    643 

hydrides,  644 
Anthranilic  iicid,   628 
Anthraquinone,  644 

dioxy-methyl,  646 

trioxy-metliyl,    646 

sulphonic  acids,  645 


Anthrarobin,  646 
Anti-albumoscs,    697 
Anticbior,  334 
Anti-febrine,  609 
Antimonic  anhydride*  270 

chloride,  268 
Antimonii  et  potash  tar- 

tras,  542 
Antimonous  chloride,  267 
Antimony,  265 

acids  of,  269 

allpys,  267 

blade,  267 

bromides  of,  268 

butter  of,  268 

cinnabar,  271 

crocus  of,  271 

electrolytic,  707 
•  flowers  of,  269 

fluorides  of,  268 

iodides  of,  268 

oxides  of,  2^ 

pentachloride,  268 

pentasulphide,    271 

pentoxide,  270 

potassium  tartrate,  542 

sulpho-acids,  271 

sufpho-salts,   271 

sulphuret   golden,   271 

tests  for,  271 

tetroxide,  ^ 

trioxide,   20^ 

trisulphide,  270 

trichloride,   267 
Antimonyl,  269 
Antipyrin,  590 

salicylate,   591 
Antipyrina,  590 
Antisepsin,   610 
Antitussin,  636 
Apatite,    246,    367 
Apomorphine,  667 
Apomorphinje        hydro- 

chloridum,  667 
Aqua,    194 

ammoniac,  236 

hydrogenii  dtoxidi,  159 

marine,  384 

regia,   245 
Arabic  acid,   566 
Arabin,  566 
Arabinol,    518 
Arabinose,    559 
Arachidic  acid,  533 
Arbutin,   687 
Arc  light,   the.    119 
Archimides,  principle  of, 

32 
Area,    15 
Argenti    cyanidum,    585 

nitras,   402 
fusees,    403 
mitigatus,  403 

oxidum,   401 


Argentic  oxide^  401 
Argentite,  395 
Argentous  oxide,  401 
Argentum,  395 
Argols,  542 
Argon,  23s 
Arparroditc,   435 
Anstol,  617 
Armature,  the,  117 
Aromatic  adds,  muatu- 
rated,  650 

alcohds,  013 

compounds,  593 
Arragonite,   3^ 
Arsenates,   tests,   263 
Arseni  iodidum,  259 

trioxidum,  259 
Arsenic,  257 

acid,  262 

adds  of,  259 

anhydride,  262 

disulphide,  263 

electrolytic,  707 

oxide,  262 

oxides  of,  259 

pentasulphide,    263 

pentoxide,  262 

sulpho  salts  of,  a6$ 

tests  for,  264 

tribromide,  259 

trichloride,  259 

trifluoride,  259 

tri-iodide,   259 

trioxide,    259 

trioxidum,  259 

trisulphide,  ^3 

white,  259 
Arsenites,   insoluble,  261 
Arsenolite,  257 
Arseno-pyrite,  463 
Arsenous   acid,   259,   ^61 

anhydride,  259 

chloride,   259 

oxide,  259 
varieties   of,   260 
Arsine,  258 
Arsines,   558 
Asafcetida,  683 
Asaprol,  643 
Asbestos,   378 
Aseptol,    616,   652 
Ashes,   wood,   319 
Asparagin,  558 
Aspartic    acid,    558 
Aspergillus  glaucus.   573 
Aspidospermine,    668 
Aspirin,  632 
Atmosphere,  the,  38,  231 

analysis  of,  232 

disturbances  of,  38 

pressure  of,  38 
measurement    of,    39 
Atmospheric  gases,  new, 

232 
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Atomic  weight,   124 
calculations,    149 
determination  of,  150 
Atoms,  13,  1^2 
Atropic  acid,  630 
Atropina,   659 
Atropinae   sulphas,  659 
Attraction,   chemical,    21 

magnetic,   89,  90 

molecular,  21 
Auri  et  sodii  chloridum, 

407 
Auric  acid,  407 

bromide,  407 

chloride,  406 

dibromide,  407 

hydroxide,  407 

iodide,  407 

oxide,  407 
Aurous  bromide,  406 

chloride,  406 

iodide,  406 

oxide,   407 
Aurum,  40^ 
Austrian    cinnabar,   452 
Avogadro's      hypothesis, 

148 
Axis,  lenses,  75 
Azobenzene,  613 
Azo  comps,  612 
Azoimid,  237 
Azolitmin,  690 
Azote,  229 
Azurite,  413 


B 


Babbit  metal,  439 
Bacillus   acidi   lacti,   574 

amylobacter,  574 

subtilis,  574 
Bacterium   termo,  574 
Balance,  the,  20 

hydrostatic,  yt 
Balata,  675 
Balsams,   682 
Balsamum     Peruvianum, 

683 

tolutanum,  683 
Barbituric   acid,    581 
Barfoed*s  reagent,  563 
Barilla,  175,  341 
Barium,  372 

bromide,   375 

carbonate,  2^y7 

chlorate,  376 

chloride,  374 

chromate,  452 

dioxide,  375 

disulphate.  ^77 

green,  4^7 
ydroxide,   375 
iodate,  376 


Barium  iodide,  375 

manganate,   457 

nionosulphide,    376 

monoxide,  375 

nitrate,  y77 

permanganate,    458 

peroxide,   375 

sulphate,  376 

sulphydrate,    376 
Barometer,    aneroid,    40 

siphon,  41 
Barometers,   40 

indications  of,  42 
Baroscope,  42 
Baryta,  ^7^ 
Barytocalcite,   374 
Barytocelestite,  374 
Bases,  136 

relative     affinities     of, 

147 
Basicity,    135 

Bassorin,    567 

Battery,  bichromate,   100 

coupling,  103 

Daniell,   loi 

Grenet   dip,    100 

Grove,   the,   102 

Leclanche,   loi 

one-fluid,  100 

two-fluid,   loi 
Batteries,   storage,   104 
Baume    hydrometer,   34 
Bauxite,  423 
Bdellium,  684 
Beckman*s  apparatus,  486 
Beer,  brewing  of,   576 
Beeswax,    548 
Belladonna  alkaloids,  658 
Bell-metal,  434 
BellSj  electric,  108 
Bengal  fires,  379 

lights,  271 
Benzaldehyde,  622 
Benzaldchydum,    622 
Benzamide,  628 
Benzanilid,  610,  628 
Benzene,  593,  601 

amido    derivative,    606 

carboxylic  acids,  630 

dicarboxylic  acids,  629 

haloid  derivatives,  603 

hexacarboxylic      acid, 
630 

homologues,   formation 

of,  594 

hydrocarbons,    isomer- 
ism, 595 

monamines    607 

inonobrom,    603 

monochlor    603 

monoiodo,  603 

nitre    derivatives,    605 

/>-dioxy,    618 

series,  592 


Benzene,  sulphonic  acids, 
605 

sulphonic     derivatives, 
604 

tetra    carboxylic    acid. 
630 

tricarboxylic  acid,  630 
Benzidine,  636 
Benzidine   dyes,  636 
Benzinum,  500 
Benzoflavine,   653 
Benzoic  acid,  6^7 

anhydride,  628 
Benzol,   601 
Benzol  chlorid,  604 
Benzoin,   682 
Benzonitrite,  628 
Benzophenone,  637 
Benzo-quinone,  621 
Benzosulphinidum,     638 
Benzotrichloride,    604 
Benzoyl  acetyl  peroxide, 
628 

chloride,  628 

peroxide,   628 
Benzyl   alcohol,   622 
oxy-/>,  624 

benzoate,  628 

chlorid,    603 
Benzylamine,   610 
Berberine,  668 
Berberonic    acid,    649 
Bertholet's     fulminating 

silver,  402 
Beryl,  384 
Beryllium,   384 

bromide,  385 

carbonate,   385 

chloride,  384 

fluoride,  385 

iodide,  385 

nitrate,  385 

oxide,  385 

phosphate,    385 

sulphate,  385 
Bessemer    process,    465 
Betaine,  536 
Betanaphthol,   642 
Betol,  643 

BettendorfTs  test,  265 
Bi,   134 

Bichloral    antipyrin,    591 
Biliary    pigments,    690 
Bilifuscin,  690 
Bilineurin,  557 
Biliprasin,  690 
Bilirubin,  690 
Biliverdin,   6qo 
Bin,   134 

Binary  acids,  133 
Binary  compounds,    132 
Bismuth,  444 
Bismuth,    alloys,   445 

carbonate,    basic^    «s^ 


730 

Bismuth    (continued) 

chlorides,  446 

citrate,  543 

gallate,   basic,  633 

hydroxides,  446 

iodides,   446 

nitrate,  446 

nitrate,    basic,    447 

ochre,  444 

oxides,  446 

subcarbonas,  448 

subnitrate,  447 
Bismuthi  citra«5,  543 

subcarbonas,  448 

subnitras,  447 

subgalHs,  633 

subsalicylas,   631 
Bismuthinite,   444 
Bitter  principles,  689 
Bittern,    169 
Biuret,  580 

reaction,  693 
Bixin,   689 
Black,    alizarine,   643 

ash,  333 
process,   34^ 
Blake  transmitter,  115 
Blanc  fixe,  376 
Blanquette   soda,  341 
Bleach,  363 

liquor,    201 
Bleaching  liquid,  electro- 
lytic, 705 

powder,    363 
Blends,   206 
Blowpipe,   292 

oxyhydrogen,    igi 
Blue,    Prussian,   585,   708 

Thcnard's,    473 
Boiling,    63,    64 

point,  64,   484 
influences  on,  65 
lowerinjs:  of,  151 
Bone  phosphate,  367 
Boracite,  272 
Borates,   274 

tests,  274 
Boric  acid,  273 
Rorneol,  676 
Bornite,   408 
Porocalcite,    272,    338 
Horon,    272 

haloids  of,  273 

liydridc,    272 

nitride,    274 

tribroinide,    27 j^ 

trichloride,    273 

trifluoride,    273 

Irioxidc,   273 

trisulphide,    274 
Boronatro-calcite,      272, 

338 
Bornyl  acetate,  676 
valerate,  676 
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Boylc-Mariottc  law,  the, 

36 
Brandy,  577 
Brasilein,  690 
Brasilin,  690 
Brass,  410 
Braunite,  454 
Brimstone,  209 
Brin  process,   186 
Britai.nia  metal,  267,  434 
Brittleness,   26 
Brochantite,  412 
Bromacetanilid,  610 
Bromic  acid,  204 
Bromides,  174 
Bromine,   169 

chloride,    174 
Bromoform,   508 

electrolytic,   710 
Bronze,  410 
Bronzes,   434 

aluminum,  425 
Brookite,  443 
Brucine,  666 
Bunsen  burner,  291 
Bunsenite,  471 
Buoyancy,  30 
Burgundy  pitch.  683 
Butter,  artificial,  554 

of  tin,  434 
Butyl  alcohols,  513 

chloral,   527 
Butylenes,    502 
Butyraldehyde,   527 
Butyric  acids,  532 


Cable  telegraphy,  no 
Cacodyl,    558 

oxide,   558 
Cadaverine,    557,   670 
Cadinene,   679 
Cadmia,  385 
Cadmium,  393 

bromide,  393 

carbonate,  394 

chloride,  393 

hydroxide,   393 

iodide,  303 

nitrate,   394 

oxide,   393 

l)Otassium    iodide,    ^g^ 

sulphate,    393 

sulphide,    394 
Ciesium,    356 
Caflfeic    acid,    635 
Ca  ff eina.    583 
Caflfcine,    583 
Calamine,  385 
Calcitc,    370 
Calcium,    358 

bromate,  365 


Calcium  bromide,  360 
carbide,  369 
carbonate,  370 
chlorate,  365 
chloride,  359 
dioxide,   363 
disulphide,  366 
fluoride,    182,    361 
hydrate,  362 
hydroxide,    362 
hypochlorite,  363 
hypophosphite,   568 
iodate,    365 
iodide,    361 
monosulphide,    565 
naphthol  -  sulphonate, 

643 

nitrate,  367 

orthophosphate,  367 

oxide,  361 

phosphate,  3)67 

phosphates,  acid,  368 

potassium  sulphate)  367 

silicate,  369 

sodium    suh)hate,   367 

sulphate,  306 

sulphide,  365 

sulphite,  366 

sulphydrate,    366 

thiosulphate,  367 
Calculations,      chemical, 

152 
Calc;spar,  358,  j/o 
Calcii  bromiduni,  360 

chloridum,    359 

carbonas    praecipitatus. 
370 

hypophosphis,    368 

phosphas    praecipitatus, 
367 

sulphus  exsiccatus,  366 
Caliche,   176,  334 
Calomel,   415 
Calorics,  56,  3/,  58,  65 
Calories,    56,    57,    58,    65 
Calorimeters,   56 
Calorimetry,   56 
Calx,  361 

chlorinata,  363 

sulphurata,  365 
Cambogia,   684 
Camera,  82 
Camphene,   673 
Camphora,  675 

monobromata,  676 
Camphoric   acid,    676 
Camphors,  675 
Candles,  553 
Cane  sug^r,  562 
Cantharidic  acid,  690 
Cantharidin,   690 
Caoutchouc,  675 
Capillary  phenomena,  27 
Capillarity,  27 
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Caproic   acid,   533 
Caprylic  acid,  533 
Caput   mortuum,   468 
Carbamic  acid,  579 
Carbamide,  580 
Carbazole,  636 
Carbides,  281 

preparation  of,  708 
Carbinols,   509 
Carbo  animalis,  279 

Hgni,  279 
Carbon,  276 

amorphous,  276,  278 

asymmetric,  488 

dioxide,  28(5 

disulphide,  292,  578 
electro-thermic,    709 

gas,  278 

monoxide,   285 

oxychloride,  579 

oxysulphide,   5;^ 

tetrachloride,    508 
Carbohydrates,  559 
Carbonates,  288 
Carbonei       disulphidum, 

578 
Carbonic     acid     deriva- 
tives. 578 
Carbonyl   chloride,  286 

sulphide,  294 
Carborundum,  280 
Carboxyl,  529 
Carbylamines.  586 
Carminic    acid,   687 
Camallite,  303,  304.  307, 
^378.  379 
Camme,  582 
Carragheen,  567 
Carvacrol.  617 
Carvene,  673 
Carvone,  679 
Carvophyllene,    679 
Casein,  697 
Cassel's  yellow,  440 
Cassiterite,  433 
Cast-iron,  463,  464 
Castner's      electrolytic 

tank,  706 
Castner  process,   706 

processes,      304,      306 
322,  324 
Castor   oil  group,   551 
Catalysis,    161,    186 
Catalytic,   161 
Catechol,  618 
Cathode,  99,  144 
Cations,   144 

Caustic  ai^alies,  electro- 
i^.      /06 

miti{i  ^.ed,  404 

sod\  o^ 
Celestine,  371,  372 
Cell,  bichromate,  the,  100 

Bunsen,  the,  102 


Cell,  Daniell,  loi 

dry,  the,   104 

Grove,  the,  102 

Leclanche,  the,  loi 

voltaic,  the,  98 
Cells,  one-fluid,   100 

two-fluid,   loi 
Celluloid,  568 

manufacture  of,  569 
Cellulose,  567 
Celsius        thermometer, 

the,  51 
Cements,  363,  428 
Centigrade  thermometer. 

SI 
Centrifugal   force,  24 
Centrifuge,  the,  25 
Centripetal  force,  24 
Cera  alba,  548 

flava.   548 
Ceramics,   428 
Cerebrin,  687,  691 
Cerii   oxalas,   431,   539 
Cerite,  431 
Cerium,  431 

oxalate,    431,    539 
Cerotic  acid,  534 
Cerussite,   436,  441 
Ceryl  cerotate,  540 

alcohol,  514 

palmitate,  547 
Cetaceum,  514,  547 
Cetyl  alcohol,  514 

palmitate,   547 
Chalcedony,  296 
Chalcocite,  413 
Chalcopyrite,    408 
Chalk,  prepared,  370 
Chameleon   mineral,   457 
Changes,    chemical,    120, 
140 
in    solution,    141 

physical,  120 
Charcoal,  wood,  278 
Charles*   law,    56 
Chemical   affinity,    121 
influences  on,  142 

attraction,   21 

changes,    122,    140 

union,    laws,    147 
Chemistry,  deflniiion,  122 
Chicle,  675 
Chili   saltpetre,    175 
Chinotropin,   634 
Chilin,  687 

Chloracetic   acids,   536 
Chloral    alcoholate,    526 

cyanhydrate,   526 

electrolytic,   710 

formamide,    526 

hydrate,  526 

urcthane,    579 
Chloralose,   526 
i     Chloralum  hydratum,  525 


Chloranil,   621 
Chlorates,  203,  312 

electrolytic,  706 
Chlor-auric    acid,    406 
Chloric  acid,  202 
Chlorides,    169 

alkali,    electrolysis    of, 

704 

tests  for,   169 
Chlorinated  lime,  363 
Chlorine,   163 

dioxide,  202 

hydrate^.  165 

monoxide,  200 

peroxide,   202 

solution  of,  165 
Chloro-carbonic  acid,  579 
Chloroform,   507 

electrolytic,    710 
Chlorophyll,  690 
Chlorous  acid,  201 
Cholesterol,    515 
Choline,  557,  670 
Choke-damp,  i^,  287 
Chondrus,   567 
Choroid  coating,  the,  83 
Chondrin,  700 
Chromatic  aberration,  81 
Chrome  alum,  453 

green,  450 

orange,  452 

red,   452 

yellow,    452 
Chromic   acid,   450^  451 

anhydride,  450 

bromide,   449 

chloride,  449 

hydroxide,  450 

oxide,  450 
Chromii    trioxidum,    450 
Chromite,  449 
Chromium,  449 

nitrate,  453 

oxychloride,    451 

phosphate,  453 

potassium  sulphate,  453 
Chromoproteids,    698 
Chromosphere,   80 
Chromous    bromide,    449 

chloride,   449 

oxide,   450 

sulphates,    453 

trioxide,    450 
Chromyl   chloride,  451 
Chrysaniline,  653 
Chrysarobinum,   646 
Chrysoberyl,   384,  427 
Chrysoidines,   613 
Chrysophanic   acid,   646 
Cinchona    alkaloids,    661 

sulphas,  664 
Cinchoninae   sulphas,  664 
Cinchonidinae        sulphas, 

664 


732 


INDEX. 


Cinchonidine,   664 

sulphate,   664 
Cinchonine,  664 

alkaloids,  661 

sulphate,  664 
Cinene,  674 
Cineol,   676 

Cinnaldehydum,  623,  679 
Cinnamic   aldehyde,   623, 

679  ,    ^ 

Cinnamyl  alcohol,  022 

Circuit,    breaking   of,   99 

closing  of,  99 

primary,   112 

secondary,  112 
Circular  polarization,  86 
Citral,  677 
Citrene,  673 
Citric  acid,  543 
Citronellal,   677 
Citronellol,   680 
Clays,    428 
Clocks,   electric,   108 
Coal    gas,    283,   285 
Coals,   280 
Cobalt,  472 

bloom,  472 

compounds,  472 

glance,   257,  472 
Coca  alkaloids,  660 
Cocaina,  660 
Cocainse         hydrochlori- 

dum.   660 
Cocaine,  660 
Cocceryl   alcohol,   516 
Cocoanut   oil   group,   551 
Codcina,  667 
Codeina?   sulphas,  667 

phosphas.  667 
Codeine,  667 
Coefficient,   126 
Ccerulignonc.    636 
Cohesion,    21 
Coil,   induction,   the,    112 

Ruhmkorf,  the,   112 
Coke,  278 
Colchicina,  668 
Colchicine,  668 
Col  cot  ha  r,   223.  468 
Cold,    by    solution,    60 

by   vaporization,  65 
Colemanite,   338 
Collagen,    700 
Collidinc.    ()7o 
Collodion.   568 
Colloids,  28 
Coloplioniuni,    681 
Cf)lophony,   672,   681 
Color,  6g 
Colors,     compU'iiK'ntarv, 

Colors,    organic,    tU-otro- 

lytic,  71 
Coinrnbinni,   448 


Combustion,   289 
organic,  482 

Commutator,  117 

Compass,  91 

Composition,        calcula- 
tions of,  152 

Compound  molecules,  132 

Compounds,    binary,    132 
chemical,   121 
ternary,    132,   133 

Compressibility,   15 

Condenser,  44 

Condensers,  electrical,  96 

Conduction,    heat,   66 

Conductors,  electrical,  93 

Coniferin,  687 

Coniferyl  alcohol,  687 

Conine,   649,   657 

Conquinine,   664 

Constitution,    water    of, 

193 
Contact-breaker,  the,  112 

process,  221 
Convection,  68 
Conversion  saltpetre,  317 
Converters,  118 
Convolvulin,  687 
Cooling,  artificial,  60,  6$ 
Copaiba,  683 
Copaiba  balsam,  683 
Copal,  682 
Copper,  408 

alloys  of,   409 

amnionio-chloride,    410 

ammonium      sulphate, 
412 

arsenate.  413 

arsenite,   413 

blister,  409 

borate,    413 

bromides,   410 

carbonate.    408,    413 

chlorides,   410 

fluoride,  410 

glance,   408 

hydroxides    of.   411 

iodide,  410 

nitrate,   412 

oxides,  410 

phosphate,    413 

silicate,    413 

sulphate,  411 

sulphides.    408,    413 
Corellite,   413 
Cornea,   the,   83 
Corpuscles,    114.   123 
Corrosive   sublimate,   416 
Cotoin,  (xx) 
Cotton,    567 

seed  oil  group.  550 
Coulomb,   702 
Coumaric  acid.  635 

anhydride,    635 
Couniarin,  635 


Coupling,  battery,   103 

Cowles*    aluminum    fur- 
nace, 424 

Cream  tartar,  542 

Creatine,   583 

Creatinine,    583 

Creosol,  619 

Creosote,  618 

Creosotum,  618 

Cresol,  617 
meta-   propyl,   617 
/>-propyl-o,  617 
salicylates,  632 
tri-iodo-meta,   617 

Cresols,  617 

Cresylic  acids,  617 

Creta  prseparata,  370 

Crith,  159 

Critical  pressure,  36 
temperature,   36 

Crocoisite,  449 
.Crookes'  tube,    113 

Croton  aldehyde,  527 

Crotonic  acid,  534 

Crotonylene,  503 

Crucible   steel,   465 

Cryolite,   182,  426 

323,   325 
soda,  345 

Cryoscopic  methods,  486 

Crystalli  Dianae,  402 

Crystallin,  695 

Crystallization,  61 

water  of,  193 
Crystalloids,   28 
Crystals,   61 
Cubeb  camphor,  679 
Cubebin,  690 
Cumene,  601 
Cumic  acid,  629 
Cumic   aldehyde,   623 
Ciuninol,  623 
Cupric    ammonium    sul- 
phate, 412 

arsenate,  413 

arsenite,    261,    413 

borate,   413 

bromide,  410 

chloride,  410 

hydroxide,  411 

nitrate,  412 

oxide.  408,  411 

phosphate,  41^^ 

sulphas,   411 

sulphate,  411 

sulphide.    413 
Cuprous   bromide,   410 

chloride,  410 

fluoride,   410 

iodide,  410 

hydroxide,  41 1 

oxide,   408,   410 

sulphide,  413 
Cuprum,  408 
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Curcumin,   6go 
Current,         alternating, 

"7 

electricity,  98 

resistance,    102 

strength,    102 
Currents,     direction     of, 
106 

Faradic,  iii 

induction,   in 

intermittent,  113 

primary,   112 

secondary,  112 

thermo-electric,    119 
Cyamelide,  586 
Cyanamide,  587 
Cyanic  acid,  586 
Cyanogen,  584 
Cyanophyll,  690 
Cymene,  601 


Dammar,  682 
Daniell  cell,  the,  loi 
Davy   safety   lamp,  290 
Deacon   process,    164 
Declination,       magnetic, 

91 

Decomposition,  143 

Density,    16,   32 
relations  of,  149 
water,  55 

Dento,  134 

Desoxyalizarine,    646 

Dextrine,  566 

Dextrogyrate      polariza- 
tion, 8(5 

Dextrose,  561 

Di.  134 

Diabetin.  562 

Diacetamide,  558 

Diacetin,  548 

Dialysis,  28 

Dialyzed  iron,  468 

Diamine,  236 

Diamines,  557 
aromatic,  611 

Diammonium  acid  phos- 
phate, 352 

Diamond,  the,  276 

Diaptherine,  652 

Diaspore,  423 

Diastase,  571 

Diazo  benzene,  612 

allyl,    methyl    ether, 

619 
salts,  612 
comps.,  611 

Dicalcium       orthophos- 
phate,  368 

Diethylamine,  557 

Diethylene  diamine,   557 


Diethyl  -  sulphone  -  di- 
ethyl  methane,  524 
Didymium,  431 
Diffraction,  tj 
Diffusion,  gaseous,  2t7 

law  of,  2>7 

of  liquids,  28 
Difluor-diphenyl,   636 
Diformin,  548 
Digallic  acid,  634 
Digester,  64 
Digitalein,  688 
Digitalin.  687,  688 
Digitonin,  688 
Digitoxin,  688 
Dihydrogen     ammonium 

phosphate,   352 
Dimercurous   ammonium 

chloride,  421 
Dimethyl  aniline,  609 

benzenes,  601 

ketone,   528 
Dimethylamine,    556 
Dimethylxanthine,  583 
Dinitro  benzene,  606 
Dionin,  667 
Dioses,  560 
Dioxindol,  639 
Dioxyanthraquinone, 

ortho,  645 
Dioxycinnaniic  acid,  635 
Dioxynaphthalencs,    643 
Dioxypurine,  582 
Dipentcne,  674 
Diphenyl,  636 

(liamido,  636 

difluor,  636 

imide,  636 

methane,  637 

tolyl  methane,  637 
niphcnylamines,    610 
Diphcnylene        methane, 

637 
ketone,  637 

Di-potassium    orthophos- 
phate,  318 

pyrophosphate,   318 
Dippel's   animal   oil,   279 
Dipyridine,  648 
Dipyridyl,  648 
Disaccharides,  560 
Disilicic  acids,  298 
Disk,  Newton's,  78 
Dispersion,  light,  yy 
Disodium         orthophos- 

phate,  336 
pyrophosphate,    2^2i7 
Displacement,  37 
Dissociation,  59,  142,  7^j, 

145 
electrolytic,  14$ 
hydrolylic,   145 
thermal,  143^  146 
Distillation,  66 


Disulphuric  acid,  223 
Diterpenes,   671,   674 
Dithionic  acid,  225 
Dithymol    di-iodide,   617 
Divisibility,   13 
Doglinic  acid,  535 
Dolomite,  358,  378 
Double  refraction,  84 
Dow  process,  170 
Dragendorff's      reagent, 

655 

Dragon's  blood,  682 

Dry  cell,  104 

Dryers,  555 

Drying  oils,  550 

Duboisine,  659 

Ductility,  26 

Dulcin,  580,  616 

Dulcitol,  519 

Dulong- Petit    law,    57 

Durene,  601 

Dutch   liquid,   507 
white,  443 

Dynamic    electricity,    98 

Dynamo  -  electric     ma- 
chine, 117 

Dynamos,  117 


E 

Earth,  heat  of,  49 
Earths,  the,  358 
Eau  de  Javelle,  312 
Ebullition,  6j,  64 
Echo,  47 

Edge,  crystal,  61 
H!fflorescence,  194 
E^g  albumin,  695 
Eikonogen,  643 
Elasticity,  15,  27 
Elastin,  700 
Electric  bells,   108 

clocks,  108 

furnace   processes,   708 

light,  the,   119 

pendulum,   93 

polarization,    100 

potential,  99 

refining,   704 
Electrical  attraction, 

laws  of,  93 

condensers,  96 

discharge,   97 

furnace,  the,  118 

induction,  94 

machines,  95 

pressure,  102 

repulsion,   laws   of,  93 

resistance,    102 

units,  102 

welding,   118 
Electricity,  92 

conductors  of,  93 
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Electricity    (  continued ) 

current,  98 
effects  of,  104 

dynamic,  98 

frictional,  92 

galvanic,  ^ 

non-conductors   of,   93 

resinous,  92 

static,  92 

vitreous,  92 

voltaic,  98 
Electrics,  92 
ElmAnification    by    influ- 
ence, 94 
Electro-chemistry,   144 

chemical    analysis,   702 
equivalent,  701 

magnet,  the,    105 

motive  force,  99 
series,  99 

plating,  703 
Electrode,  action  of  elec- 
trolytes on,  701 
Electrodes,    99,    144 
Electrolysis,   144,  701 
Electrolytes,  .144 
Electrolytic    dissociation, 

145 
Electroscope,  93 
Electrotypmg,  703 
Electrum,  404 
Element,  an,  123 
Elements,  names  of,  124 

symbols   of,    124 

table  of,   123 
Elemi,  6S3 
Emerald,  297,  384 
Emery,  426 
Emodin,  6^6 
E.  M.   R,  99 
Empirical    formiil?e,    I2\ 

489 
Emplastrum    plumbi, 

552 
Emulsin,   572.   687 
Energy.   18 

conservation  of,   18 
Enstatite,  378 
Enzymes,    571 
Equations,     calculations, 

153. 
chemical,    126 

Equilibrium,   20 
chemical,    142 

Equivalence,  127 

Equivalents,  electro- 

chemical, 701 

Erbium,  431 

Erucic  acid,  535 

Erythritic  acid,  540 

Erythro-dextrine,    566 

Erythrol,  517 

Erythrose,   559 

Essential    oils,    677 


Esters,  545 

inorganic  acids,  545 

organic  acids,  546 
Etching,  glass,  183 
Ethane,   499 

perchlor,  508 
Ether,  acetic,  547 
Ethereal  salts,  545 
Ethers,  519 

compound,  520 

mixed,  519 

simple,  519 

sulpho,  522 

thio,   522 
Ethiops,   mineral,  421 
Ethyl  acetate,  547 

alcohol,   511 

benzene,  601 

benzoate,  628 

bromide,  506 

butyrate,  547 

carbonate,  579 

chloride,   506 

ether,   520 

formate,  547 

iso-valerate,   547 

mercaptan,    522 

nitrate,  545 

nitrite,  545 

phosphine,   558 

pyridines,  648 

sulphate,  546 

sulphate,  acid,  546 

sulphocyanate,    587 

sulphonic  acid,  523 

sulphuric  acid,   546 
Ethylamine,    556 
Ethylene,    283,    502 

oxide,  521 
Ethylene  glycol,   515 

diamine,   557 
Etliylidene    chloride,    507 
Eucalyptol,   676,  679 
Eudiometer,    191 
Eugenol,   619,   679 
Euphorbium,   684 
Euphorine,    579 
Euxenitc,  431 
Evaporation,   6j,  64,  65 
Exalgin,   610 
Exothermic,   50 
Expansion,    54 

absolute,  55 

apparent,   54 

coefficients,   54,   55 

cubical,    54 

gases,   55 

linear,   54 

liquids,  55 
coefficients,  55 

solids,    coefficients, 

Extraordinary    ray,    84 
Eye,  83 


Fahrenheit  thermometer, 

51 
Falling  bodies,   laws  of, 

21 
Faraday's  law,  701 
Faradic  currents,  in 
Fehling's  solution,  560 
Fenchone,   676,    679 
Fermentation,  570 

acetic,  574 

anaerobic  574 

butyric,   574 

industries,  575 

lactic,  574 
Ferri  phosphas  solubilis, 
469 

carbonas     sacchsirarns, 
470 

chloridum,    467 

et     ammonii     sulphas, 

469 

tartras,  542 

et  potassi   tartras,  542 

et   quininse   citras,  664, 

iodidum,  467 

hydroxidum,  468 

hypophosphis,   469 

sulphas,  468,  469 
exsiccatus,  469 
granulatus,  469 
Ferric  acid,  468 

bromide,   467 

chloride,  467 

fluoride,  467 

hydrate,  468 

hypophosphite,    469 

iodide,   467 

nitrate,  469 

oxide,  468 

phosphate,  469 

pyrophosphas,   469 

subsulphate,  469 

sulphate,    469 

sulphide,  470 
Ferro-manganese,    454 
Ferroso-ferric  oxide.  468 
Ferrous  bromide,  467 

carbonate,  469 

chloride,  467 

fluoride,   467 

hydroxide,  467 

iodide,    467 

oxide,  467 

phosphate,   469 

sulphate,   468 
dried,  469 

sulphide,  470 
Ferrum,  466 

reductum,  466 
Ferulaic  acid,  635 
Fibrin,   695,  696 
Fibrinogen,   695 
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Fires,  colored,  313,  zil 
Flake-white,  448 
Flame,  structure  of,  290 
Flames,  kinds  of,  291 
Flint,  296 
Fluorene,  636 
Fluorescein,   618 
Fluorescence,  70 
Fluorides,    184 
Fluorine,   182 
Fluorspar,   182,  358,  jd/ 
Fluo-silicic  acid,   183 
Fly-stone,  258 
Foci,  kinds  of,  75 
Focus.  73,  75 
Foot,  the,  16 
Foot-pound,   18 
Force,  17 

centrifugal,   24 

centripetal,   24 

magnetic,   lines  of,  90 
Forces,  correlation  of,  19 
Formaldehyde,  525 
Formamide,   557 
Formanilid,  609 
Formic  acid,  529 
Formin,  557 
Formula,  calculations  of, 

Formulae,    chemical,    125 

empirical,  129,  489 

graphic,  129 

rational,  129 

structural,  129,  488 
Fowler's  solution,  261 
Frangulin,  688 
Frankincense,   684 
Franklinite,  385 
Freezing  mixtures,  60 

point,  lowering  of,  151 
Frictional   electricity,   92 
Fructose,  562 
Fulminic  acid,  586 
Fumaric  acid,  540 
Fumaroles,  273 
Furane,   589 
Furfurane,   589 
Furfurane  aldehyde,  589 
Furfurol,  589 
Fusion,  58 
Fusion,    latent    heat    of, 

Fusing-point,  483 
vitreous,  ^ 


Gadinine,  670 
Gadolinite,  431 
Gahnite,  427 
Galactose,  562 
Galbanum,  684 
Galena,  436 


Gallaceto-phenone,    624 
Gallanilid,  610 
Gallein,  619 
Gallic  acid,  633 
Gallium,  432 
Gallotannic  acid,  634 
Galvanic    electricity,   98 
Galvanometer,    the,    106 
Galvanoscope,  107 
Gamboge,  684 
Garlic  oil,   523 
Garnet,  297 
Garnierite,  470 
Gas,  acetylene,  284 

carbon,  278 

coal,  283,  285 

density,  calculation  of, 

35 
illuminating,    283,    285 

natural,   282,   499 

oil,  284 

water,  284 

Gases,  absorption  of,  2t7t 

atmospheric,   new,   232 

buoyancy  of,  42 

collection  of,  37 

density  of,  34 

diffusion  of,  2!7 

expansion,   55 

liquid,    boiling    points. 
66 

measurement  of,  156 

physical  properties  of, 
35 

solubility  of,  2>7 

tension  of,  35 
Gay-Lussac*s  law;  56,  148 
Geissler's    potash    bulbs, 

482 
Geissler  tubes,  113 
Gelatin,   700 
Gelatinoids,  699 
Geosote,  618 
Geraniol,  676,  677 
Geranyl    acetate,   677 
Germanium,   435 

salts  of,  436 
Gibbsite,    423 
Gin,  577 
Glances,   206 
Glass,   298 

silvering  on,   399 
Glauber's  salt,  332 
Gliadin,  696 
Globulins,  695 
Glucinum,  384 
Gluco-proteids,    698 
Glucose,  561 

commercial,    manufac- 
ture,  569 
Glucosides,   685 
Glue,  700 
Glutamic  acid,   558 


Glutamine,  558 
Gluten,   696 
Glyceric  acid,  540 
Glycerinum,   516 
Glycerol,    516 

manufacture    of,    554 
Glycerols,  516 
Glycerose,   559 
Glyceryl    trinitrate,    546 
Glycocyamine,   583 
Glycocoll,  536 
Glycogen,  566 
Glycol,   ethylene,   515 
Glycollic  acid,  538 

dinitrate,  54i5 
Glycols,  515 

hexylene,  516 

propylene,   Ji6 
Glycoluric  acid,  581 
Glycolyl-urea,  581 
Glycuronic  acid,  544 
Glycyrrhetin,  68^ 
Glycyrrhizin,  688 
Glyoxalic  acid,  544 
Gold,    404 

alloys,  406 

and    sodium    chloride. 
406 

bromide,  406,  407 

colloidal,   405 

dibromide,  407 

extraction,  electrolytic, 
707 

fulminating,  407 

iodide,  406,  407 

monochloride,  406 

oxides  of,  407 

tribromide,   407 

trichloride,  406 
Gossypium     purificatum, 

567 
Gramme's    ring,    117 
Grape  sugar,  561 
Graphic    formulae,    129 
Graphite,  276,  277 
Gravitation.    19 
Gravity,  centre  of,   19 

acceleration   of,   22 
Greenockite,    393 
Green,  Paris,  iiSi,  413 

Rinmann's,   473 

vitriol,  468 
Greens,  malachite,  638 

Scheele's,   261,   413 

Swedish,   413 
Grenet    dip    battery,    100 
Groups,  atomic,  491 
Grove  cell,  the,  102 
Guaiac   resin,  682 
Guaiacol,  618 

carbonate,  618 

potassium     sulphonate, 
618 

valerate,  618 
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Guaiacolis  carbonas,  6i8 
Guanidine,    583 
Guanidine     acetic     acid, 

Guanine,  582 
Guignet's   green,  450 
Gum  arabic,  566 

resins,  684 
Gums,  wood,  567 
Gun  cotton,  567 

manufacture  of,  569 

metal,  410,  434 
Gunpowder,  317 
Gurjun  balsam,   683 
Gutta-percha,  675 
Gutzeit  test,  the,  265 

modified,  265 
Gypsum,   366 

burnt,  366 
Gyrolite,   369 


H 

Haematein,    690 
Haematin,  699 
Haemin,  69^ 
Haemoglobm,      carboxy, 

699 
Haemoglobins,  698 
Hsematolin,  699 
Haematoxylin,  690 
Hater's    reagent.   655 
Halogen  acids.   133 

group,    184 
Hamburg  white,  443 
Hardness,   26 

water,    195 
Hartshorn,  spirits  of,  2;^^ 
Haueritc.  459 
Hausinanitc,    454 
Heat,  49 

absorption  of.  65 

chemical   sources.  50 

conduction  of,  66 

effects  of,  50 

influence   on   reactions, 
142 

latent,    58.   65 

mechanical    equivalent 
of,  50 

molecular.    151 

physical  sources,  ^0 

ra(Haiit,    66 

radiation,   67 

source^.   50 

specific.    1 51 

transmission   of,  66 

unit,  mechanical   equiv- 
alent,  50 

units,  57.  65 
Heavy   spar.  374,  3/6 
Helicin,  688 
HeJiotropinc,   626 


Helium,  233 
Helleborein,  688 
Helleborin,  688 
Hematite,  463 
Hemialbumoses,  697 
Hemiterpenes,    671 
Heptoses,  560 
Heptyl    alcohols,    514 
Herapathite,  662 
Heroin,  667 
Hesperidene,  673 
Heterocyclic  comps.,  589 
Hexagonal   system,   62 
Hexamethylenamina,  557 
Hexamethylene,   602 

derivatives,   588 

tetramine,   557 
Hexoses,  550 
Hexoxy-diphenyl,    636 
Hexyl  alcohols,  514 
Hippuric  acid,  628 
Hoffmann's  anodyne,  521 
Homatropinae    hydrobro- 

midum,  660 
Homologous   series,  492, 

497 
Homo-pyrocatechol,    619 

Horn-quicksilver,    415 

Horse-power,   18 

Humor,  aqueous,  83 

vitreous,   83 
Hyalogens,  698 
llydantoic   acid,   581 
Hydantoiin,   581 
Hydrargyri      chloriduni 
mite,  415 
corrosivum,    416 

iodidum    flavuni,    417 
ruhrum,  418 

oxidum    flavum,   418 
ruhrum,  418 

suhsulphas    tlavus,    419 
Hydrargyrum,  413 

annnoniatum,    421 
Hydrastina,  668 
Hydrastine,  668 
Hydrastinime   hydrochlo- 

ridum,  668 
Hydrastininc,   668 
Hydrates,    136 
Hydratropic    acid,   629 
Hydraulic    press,    29 
Hydrazine,  J36 
I  lydrazines,.  613 
Hydrazoic   acid,   2^7 
Hydrazones,   613 
Hydriodic  acid,    178 
Hydrobromic    acid,    ///, 

173 
Hydrocarbons,    aliphatic, 

497 
benzene,   592 

saturated,  497 

saturated,  benzene,  598 


Hydrocarbons,    unsatur- 
ated  aromatic,   602 
Hydrochloric    acid,    166^ 

168 
Hydrocinnamic  acid,  629 
Hydrocinnamyl    alcohol, 

622 
Hydrocollidene,   670 
Hydrocumaric   acid, 

632 
Hydrocyanic  acid,  584 
Hydrofluoric    acid,    183 
Hydrofluosilicic  acid,  296 
Hydrogen,  158 

ammonium    carbonate, 

35>3 
sodium      pnosphate, 

.352 

antimonide,  267 

arsenide,   258 

bromide,  171 

calcium         orthophos- 
phate,  368 

chloride,  166 

cyanide,  584 

diammonium         phos- 
phate, 352 

dioxide,   197 

fluoride,   183 

iodide,  178 

nascent,   161 

oxides,    190 

peroxide.    197 

persulphide,    212 

phosphide,   249 
liquid,  249 

selenide,  227 

sodium   carbonate,   346 

sulphide,  209 

telluride,  228 
Hydrometers,  34 
Hydroquinone,   618 
Hydroscopy,  194 
Hydrostatic  balance,  32 
Hydrosulphides,  211 
Hydrosulphuric  acid.  209 
Hydroxides,  136 
Hydroxylamine,    237 
Hyoscin<'e    hydrobromid- 

um.  659 
Hyoscine,   659 
HyoscyaminjE    hydrobro- 
midum,  659 

sulphas,   659 
Hyoscyaminc,  659 
Hyper,  134 
Hypnal,  526,  591 
Hypnone,  623 
Hypo,  134 

Hypobromous  acid,  204 
Hypochlorites,  201 

electrolytic,   705 
Hypochlorous  acid,  200 

oxide,  200 
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Hypogaeic  acid,  534 
Hyponitrous  acid,  239 
Hypophosphites,    252 
Hypophosphorous      acid, 

251 
Hyposulphurous       acid, 

213 
Hypothesis,    Avogadro's, 

148 
Hjrpoxanthine,   583 


*'Ic  "  compounds,  134 
Ignition,  temperature  of, 

290 
Illuminating  gas,  283 
Illumination,  289 
intensity  of,  71 
Images,  72 
Imidoxanthine,  582 
Impenetrability,    14 
Incandescent   lamp,   119 
Incidence,  angle,  7^ 
Inclination,  magnetic,  91 
Indican,  688 
Indigo,  638 

carmine,  639 

sulphonic  acids  of,  639 

white,  639 
Indigotin,  638 
Indium,  432 
Indol,  639 
Indoxyl,   639 
Induction  coil,  the,  112 

currents,  iii 

electrical,  94 

magfnetic,  89 

voltaic,  III 
Inertia,    17 
Inflammable  air,  158 
Ink,  printer's,  555 
Inks,    sympathetic,    472 
Inosite,  620 
Inulin,  566 
Invertase,  571 
Invertin,  563,  571 
Iodic  acid,  205 
Iodides,  180 

tests,  181 
Iodine,   175 

chlorides  of,   181 

compound  solution,  177 

pentoxide,  205 

tincture,   177 
Iodoform,  508 

electrolytic,   710 
lodol,  590 
lodolum,  590 
lodopyrin,  591 
Ionization,  143 
Ions,  144 
Iridescence,  71 

47 


Iridium,  479 
Iron,  463 
ammonium 


tartrate. 


and     ammomum     sul- 
phate, 469 

arsenical,  257 

bromides,  467 

carbonate,   469 

carbonyl,  470 

cast,  463,  464 

chlorides,  467 

ferric,  466 

ferrous,  466 

group,  463 

hydroxides,  468 

iodides,  467 

mottled,  464 

nitrate,  469 

oxides,  467,  468 

phosphate,  469 

potassium  tartrate,  542 

pyrophosphate,  469 

quinine,  citrate,  664 

reduced,  466 

sulphate,  468 
exsiccated,  469 
granulated,  409 

sulphide,  470 

wrought,  464 
I  satin,  639 

Iso-amyl  butyrate,  547 
caprinate,  547 
valerate,  547 
Isochronal,  23 
Isocyanic  acid,  586 
Isocyclic         compounds, 
588,  636,  640 

hydrocarbons,   592 
Isomaltose,  563 
Isomerism,  488 

benzene    hydrocarbons, 

595 
physical,  489 

Isonitriles,  586 

Isopropyl    benzene,   601 

benzoic  acid,  629 
Isosulphocyanic       acids, 

586 


Jalapin,  687,  688 
Javelle  water,  312 
Jervine,  668 
Juniper  tar,  683 


K 

Kainite,  303,  304,  313 
Kairine,  652 
Kairoline,  652 


Kaolin,  428 
Kelp,  175,  340 

soda,  341 
Keratins,  699 
Kermesite,  266 
Ketone,  phenyl  ethyl,  624 
methyl,  023 
propyl,  624 
Ketones,  524,  527 

aromatic,  623 
Ketoses,  559 
Keto    -    pentamethylene, 

588 
Ketoximes,  524 
Kiesel^hr,  296 
Kiesente,   378,   381 
Kilogram-meter,  18 
King's  yellow,  394 
Kjeldahl  combustion,  483 
Kobalt-rex,  472 
Krypton,    232,    233 
Kynurenic  add,  052 


Labarraque's        solution, 

330 
Lactic,  5:58 

anhydride,   538 
Lactose,  563 
Lac  resin,  082 

sulphur,  209 
Laevo-tartaric  acid,   542 
Lsevigyrate    polarization, 

86 
Lakes,  427 
Lamp,  incandescent,  the, 

119 
Lampblack,  280 
Lana    philosophica,   390 
Lantern,  projecting,  82 
Lapis  infernalis,  402 

lazuli,  430 
Lardacein,  700 
Lard  oil  group,  551 
Latent  heat,  58,  65 
Lateral  pressure,  31 
Lathanum,  431 
Laughing  gas,  238 
Laurie  acid,  533 
Laurite,  478 
Lavoisier's  law,  14,   120 
Law    of    Boyle  Mariotte, 

36 

of  Charles,  56 

of  Dalton,  147,  148 

of  definite  proportions, 

147 
of  diffusion,  37 

of  Dulong-Petit,  57 

of  Faraday,  701 

of  Gay-Lussac,  56,  148 

of  I^voisier,  14,  120 
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Law    (continued) 
of  magnetic  attraction, 

of  mass  action,  142 
of     multiple     propor- 
tions, 148 
of  reflected  motion, 

23 

periodic,  299 

of     volume     combina-, 
tion,  148 
Laws  of  chemical   com- 
bination, 147 

of  electrical  attraction, 

93 
of  electrical   repulsion 

93 
of  falling  bodies,  21 

Lead,  436 

acetate,  531 

alloys  of,  439 

alkyls,   558 

borate,  441 

bromide,  440 

carbonate,  441 

chamber  process,  219 

chloride,  440 

chromate,  452 

dioxide,  439 . 

fluoride,  440 

hydroxide,   440 

iodide,   440 

monoxide,  439 

nitrate,  441 

peroxide,  439 

phosphate,    441 

plaster,  552 

red,  439. 
sesquioxidc,  439 
silicate,  441 
suboxide,  439 
sulphate,  440 
sulphide,  443 
white,  441 
electrolytic,  707 
Lebkinc      process,      the, 

'341 
Lecithin,   557 

Lcclanche  cell,  the,  loi 

Length,  15 
units  of,   16 

Lenses,   74 

Lepidolitc,    3^4 

Leucine,   537 

Leuconiaines,   66g 

Levulolinic   acid,    545 

Levulose,    561 

Lcyden  jar,  96 

Lichenin,   565 

Lieberkiihn's  alkali  albu- 
minate, 696 

Liebermann's       reaction, 

693 
Liebig  bulbs,  482 


Light,  69 
decomposition  of,  77 
diffraction  of,  77 
diffusion  of,  72 
dispersion  of,  77 
double  refraction  of, 

84 
influence  on  reactions, 

143 
kinds  of,  70 

monochromatic,  69,  77 

polarization   of,   84 

polarized,  uses  of,  86 

reflection  of,  72 

refraction  of,  73 

transmission  of,  71 

velocity  of,  71 

vibrations,  69 

waves,  69,  70 
Lighting,   electric,    119 
Lignin,  568 
Lignoceric  acid,  533 
Lime,  chloride  of,  363 

bisulphite,  366 

chlorinated,  363 

milk  of,  363 

saltpetre,  367 

superphosphate,    368 

sulphurated,   365 
Limonene,  673 

inactive,   674 
Limonite,    463 
Linalool,   676 
Linaloyl  acetate,  677 
Linnaeite,   472 
Linoleic  acid,  535 
Linseed  oil  group,  550 
Liquefaction,   latent  heat 

of,  65 
Liquidambar,   683 
Liquids,  boiling  point  of, 

64 

diffusion  of,  28 
equilibrium    of,    31 
expansion  of,  55 
solidification  of,  60 
specific  gravity  of,  ^3 
tension   of,   63,  64 
Liquor  arseni  ct  hydrar- 
gyri  iodidi,  259 
calcis,   362 
chlori  CO.,  165 
crcsolis  comp.,  617 
ferri  chloridi,  467 
subsulphatis,    469 
tcrsulphatis,   469 
formaldehydi,    525 
hydrargyri  nitratis,  420 
iodi   CO.,   177 
niagnesii        carbonatis, 

potassii   arsenitis,   261 

hydroxidi,  312 
sodae    chlorinatae,    330 


Liquor,   sodii   hydroxidit 

330 

zirici  chloridi,  588 
Liquors,  distilled,   576 
Litharge,  439 
Lithii  benzoas,  6a8 

bromidum,   355 

carbonas,  355 

citras,  543 

salicylas,  631 
Lithium,   354 

benzoate,  628 

bicarbonate,  356 

bromide,  355 

carbonate,  355 

chloride,  354 

citrate,  543 

oxide,  355 

phosphate,  355 

potassium        sulphate, 

355 
salicylate,  631 

sulphate,  355 

Litmus,  690 

Lobeline,  658 

Local  action,  99 

Losophan,  617 

Luminosity,  70 

Lunar  caustic,  402,  40s 


M 

Machines,   electrical,   95 
Magdeburg     hemisphere, 

39. 
Magisterium         Argenti, 

402 
Magnalium,  379,  425 
Magrnesia,  380 

alba,  383 

carbonas        ponderosa, 

383 
nigra,  378 

ponderosa,  380 

sulphas,   381 

usta,  380 
Magnesii   carbonas,   383 
Magnesite,  378 
Magnesium,  378 

ammonium       arsenate, 

383 
phosphate,  383 

arsenate,  383 
borate,  383 
bromide,   380 
carbonate,  383 

acid,  384 
chloride,  379 
fluoride,  380 
hydroxide,  380 
iodide,  380 
nitrate,  382 
oxide,  380 


Magnesium    (eontinued) 

oxychloride,  ^ 

phosphate    acid,    382 
normal,  383 

silicates,  3S4 

sulphate.  381 

sulphite,  381 
Magnet,  electro,  the,  105 
Magnetic   allriiclion,  89 
law   of,  90 

curves,   90 
Magnetic  force,  lines  of, 
90 

induction.  89 

repulsion.  89 
law  of.  90 
Magnetism.  88 
Magiielile.  4(<i 
Magnetization,  90 
Magneto  -  electric    ma- 
chine, 116 
Magnets,  electro,  106 

natural,  88 

properties  of,  88 
Malachite.  408,  413 

greens.  638 
Maleic  acid.  ^,40 
Malleability,  26 
Malic  acid,  S40 
Malonic  acid,  5.19 
Malonyl  urea.  siSi 
Maltase,  56^ 
Mai to-dex trine,    566 
Maltose,  563 
Man  del  ic  acid,  633 
Manganese,  453 

blende.   454.   459 

borate,  460 

dioxide.   436 

sesqui oxide,  455 

spar,  454,  jt6o 

tetra  chloride,  455 

Mangani  dioxidiim  prai- 

cipilatum,  456 

hypophosphis,   460 

sulphas,  459 
Manganic  anhydride,  456 

chloride,  455 

hydroxide,   455  ' 

sulphate,  460 
Manganite.  454 
Manganoso    -    manganic 

oxide,  455 
Manganous  bromide,  455 

carbonate,  460 

chloride,  454 

hydroxide.^  4S5 

hypopliosphile,   460 

iodide,  455 

nitrate,  4ii5o 

oxide,  455 

pbocphate,  460 

sulphatt,  459 


Manna,  518 

Mannilol,   518 
Manno-peplose,  560 

nonose.    560 

octose,  560 
Mannose,  519.  559.  5^1 
Margaric  acid,  533 
Marme's  reagent,  655 
Marsh  -  BerzelJus    test, 

264 
Marsh  gas,  281 
Martin's  yellow.  642 
Maacagnile,   351 
MasS;    15 

action,  142 

action,   law   of,   142 

unit  of,  17 
Massicot,   439 
Mastic,  682 
Match,  Swedish,  348 
Matches,   248 
Matlockite,  440 
Matter,    13,    120 

conservation  of,  13.  121 

gaseous,   14 

indestructibility  of,  120 

kinds  of,  13 

liquid,   14 

nature   of,    122 

solid,   14 

slates  of,   14 
Mayer's  reagent,  655 
Mayer's  solution,  418 
Measure,  units  of,  16 
Meconic  acid,  666 

Meconin,   666  ^, , 

Meerschaum.    378 
Melilotic   add,  632 


Melili 


.  .564 


cid,   534 
Melting  point,  483 
Menlhene,  677 
Menthol,  677 

esters  of,  677 
Mtnihoiic,  677 
Mercaptan?.  522 
Mercaptides,  522 
Mercaptols,  522 
Mercuric  ammc 

chloride,  421 

bromide,   417 

carbonate,  420 

chlorate,  419 

chloride,  416 

cyanate,  421 

cyanide,  421,  585 

diammonium    chloride. 


oxide,  418 
phosphate,  420 
sulphate,  419 
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Mercuric   sulphide,   421 

sulphocyanide,    587 

thiocjranate,  421 
Mercurius      solubilis 

Hahnemanni,   421 
Mercurous      ammonium 
chloride,  421 

bromide,  417 

carbonate,  420 

chlorate,  419 

chloride,  415 

Ruoride,  418 

iodide,  417 

nitrate,  420 

oxide,   418 

phosphate,  420 

sulphate,    419 
Mercury,  413 

alkyls,  558 

bromide,  417 

carbonates  of,  420 

chlorates,  419 

chloride,  corrosive,  416 
mild.  415 

column  of.  39 

cyanate,  421 

cyanide,   421 

fluorides,  418 

furnace,   414 

iodide,  green,  417 

nitrates  of,  420 
oxides  of,  418 
phosphates,  420 

'   sulphates,  419^-  — -^ 
sulphide,   421 

thiocyanate.   421 
Mesitylene,   601 
Mesotan,  632 
Me  so- tartaric   acid,   543 
Mesoxaluric  acid,   ^ 
Mcsoxalyl-urca,  581 
Meta-acids,    ij5 
Mela-antimonic   acid, 

270 
Meta-aiilimonous      acid, 

Metaarscnic    acid,    262, 


Metal,   Rose's.  58 

Wood's,    58 
Met  aldehyde,  ^25 
Metals,  electnc  refining, 

704 
heat    conductivity    01, 

66 
Metamerism,    489 
Metanilic   acid,  &09 
Metaphenyl  ene-dtamine. 


740 

!Mcl3;iho5phatcs,  256 

tests,   256 
Mctaphosphorie  acid.  256 
Meiasilicic  acid,  297 
Metastannic     acid,     433, 

„«5      ■    , 

Metastetical        reactions, 

141 
Meier,  the,  i6 
Mclhacctin,   616 
Methane.    281,    490 

letrachlor,  508 

tribromo,  508 

trichloride,    507 

Iriiodo,   508 
Methanes,    phenyl,    6,17 
Methylal,  527 
Methyl   acelanilid,   610 

alcohol,  SI  I 


6og 


benxene,  601 

benzoate.  628 
chloride,   506 
ether,  520 
ethyl  ether,  521 

ketone,  528. 
glycocyamine,   583 
hydantoje   acid,   581 
hydanloin,  581 
indot,  640 
iodide,  506 
tnereaplan,  522 

nitrite."   545 
nonyl   ketone.   5^8 
protocatechuic        aldt- 

tiydc,  62s 
prophyl    hciuonc,    fioi 
pyridines.   648,   O^q 
salicylate,    6,12 
.sulphojiic   acid,   523 

Mclllylamine.   556 

Methylene    chloride,    S06 
ditanniii,  634 

MethyliF:  salicylas,  632 

Melol,  617 


Meiri< 


.  16 


Microco^iic    salt,    35: 
Microphone,  115 
Microscope.   80 

compound,  81 
Milk  albumin,  695 

of  lime,   xf>3 

sngar.  563 
Millerile,  470 
Milloh's      reagciil,      420, 

Minium.   430 

Mispickel,  257 
Mirabilile,  3X1 
Mirbane   oil,   bOd 


INDEX. 

Mobility,  17 

Molecular   attraction,   21 
formula       calculation, 

repulsVon    ai 

weight.   125 
calculations,  149 

weights,  determination 
of,  484 
Molecules,    13,   72J 

compound,  132 
Molvbdenite,  460 
Mol^bdcnnm,   460 

Irioxide,   4fio 
Molybdic  .idd,  460 
Momentum,  22 
Monamines,  556 
Monaiite,  431 
Monoacetin,  548 
Monobrom    benze 
Monochtor  beniene,  603 
Moiiijcblora!      anlipyrin, 

591 
Monochromatic  light,  70 
Monocliuic  system,  62 
Monotormin,    548 
Monoiodo   beniene,  603 
Mono -potassium     ortho- 

pltosphale,   318 

ccharidcs,    559 


,   603 


Mo. 


.  559 


Jlonosodiiiin    orthophos- 

l»hate,  336,   337 
Monsel's    solution,   469 
Morphina,  666 
Morphina;  aceias,  667 

hydrochloridum,  667 

sulphas.  667 
Morphine,  666 

benzoyl,   667 

diacetyl,  667 

clhyl,  667 
Mortars,  363 
Mosaic  gold,  435 
Motion,    17 

oscillatory,    23 

reflected,   22 

Iranslalory,  21 
Motor,    electric,    118 
Mottled   iron.  464 
Muccdiu.  6q6 
Mucic  acid,  544 
Mucins,  (^ 


he   acid,    l( 
.i.le,   581 

5H2 


Myricyl  alcohol,  514 
ceroute,   548 

pal  mi  tale,   548 
Myristic   acid.    533 
Myristicin,  680 
Myristicol,  680 
Myronii-  acid.  688 
Myrrha,   684 
Mytilotoxinc,    670 

N 

NaphthaleiK.  640 

chlorides,  641 

hydrides,  641 
Naphthalenes,   nilro,  642 

oxy,   643 
Naphlhalenum,  04O 
Naphlha7arinc,  643 
Naphthoic   acids,  643 
Naphthol,   alpha,'  642 
dinitro,  643 

ethyl  ether,  643 

Naphihols,  642 
iNapblhopyrin.  591 
Naphthyl    salicylate, 

643 
Naphthylainme,    ictrahy- 

dro,   642 
Naphlhylamines,    (S42 
Naples   yellow,   270 
Narceine,  667 
Narcolinc,  667 
Neo-dymkim,  431 
Neon,  232,  233 
Neuridine,  670 
Neurin,  557,  ^70 
Neurokeratin,  699 
Nerolin.  643 
Neutral  bodies,  689 
Neutralization,    137 
Newton's  disk,  y^ 
Niccoliie,  4^0 
Nichol's  prism,  85 
Nickel,  470 

compounds,   471 

glance,  257 


.alls 


le,  650,   658 
Nicotinic  acid,  649,  650 
Nllillum  albiml.  390 
Niobii 


Nilra 


■:  609 


Nitrates,  245 

Nitric  acid,  242 
fuming.  244 
oxide,  239,  242 

Nitriles,  586      " 

N it ro -benzene,   606 
l>enzaldebydes,    623 
celluloses,   567 
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Nitro   (continued) 

compounds,    electroly- 
tic, 710 

erythnte,  546 

hydrochloric  acid,   245 

mannite,  546 

muriatic  acid,  245 

naphthalenes,   6^ 

phenols,  615 

toluenes,  606 
Nitrogen,  229 

bromide,  258 

chloride,  237 

dioxide,  239  ^ 

group,  229 

iodides,  238 

monoxide,  238 

oxides  of,  238 

pentoxide,  242 

peroxide,    241 

tetroxide,  241 

trioxide,  240 
Nitroglycerin,  546 

manufacture  of,   554 
Nitrous  acid,  241 

anhydride,  240 

oxide,  238 
Nix  alba,  390 
Nomenclature,    133,    134 
Nonoses,    560 
Nordhausen        sulphuric 

acid,  22^ 
Nucleins,  697 
Nucleo-albumins,    697 


Occlusion,  38,  160 
Octadecyl  alcohol,  514 
Octoses,  560 
Octyl  acetate,  547 

alcohols,  514 
CEnanthaldehyde,  527 
CEnanthol,  527 
Ohm,  the,   102 
Oil  gas,  ^ 

of  allspice,   680 

of  anise;  678 

of  birch,  6;S 

of  bitter  almond,  678 

of  cade,  679 

of  cajuput,   679 

of  caraway,  679 

of  cassia,  679 

of  chenopodium,    679 

of  cinnamon,  679 

of  cloves,  679 

of  copaiba,  679 

of  coriander,  679 

of  cubebs,  679 

of  erigeron,  679 

of  eucalyptus,   679 

of  fennel,  679 


Oil   of   flcabane,   679 

of  juniper,   680 

of  lavender  flowers,  680 

of  lemon,  680 

of  mustard,       volatile, 
680 

of  nutmeg,  680 

of  orange  peel,  678 

of  pennyroyal,  680 

of  peppermint,  680 

of  rose,  680 

of  rosemary,  680 

of  sandalwood,  680 

of  sassafras,  680 

of  savine,  680 

of  spearmint,   680 

of  thyme,   680 

of  turpentine,  672 

of  wintergreen,  679 
Oils,  drying,  550 

essential,  677 

volatile,  677 
Ointment,    mercuric,    ni- 
trate, 420 
Okenite,  369 
Olefiant  gas,  283 
Olefine  series,  501 
Oleic  acid,  534 
Oleomargarine,  554 
Oleum  anisi,  ^8 

amygdalae    amarae,   678 

aurantii  corticis,  678 

betulae,  678 

cajuputi,  679 

calcis,  360 

cardinum,  679 

cari,  679 

caryophylli,  679 

chenopodii,   679 

cinnamomi,  679 

copaibae,  679 

coriandri,  679 

cubebae,   679 

erigerontis,  679 

eucalypti,  679 

foeniculi,  679 

gaultheriae,  679 

hedeomae,  6^ 

juniperi,  680 

lavandulae,  florum,  680 

limonis,  6jBo 

menthae  piperita^,  680 
viridis,  680 

myristicae,  680 

pimentae,  680 

rosae,  680 

rosmarini,   680 

Sabinae,  680 

santali,  680 

sassafras,  680 

sinapis  volatile,  587, 680 

terebinthinae,  672 

thymi,  680 
Oleo-resins,  682 


Olibanum,  684 
Olive  oil  group,  550 
Olivine,  297 
Onyx,  296 
Opacity,  71 
Opal,  296 
Opianic  acid,  668 
Opium,  666 

alkaloids,  666 
Orange,  Victoria,  617 
Orcein,  619,  690 
Orcinol,  619 
Ordinary  ray,  84 
Orexine,  652 
Organic   chemistry,   480 

colors,  electrolytic,  711 
Organics,  analysis  of,  481 

classification  of,  492 

composition   of,   481 

electrolysis,   709 

physical   properties  of, 

483 
optical    properties    of, 
488 

Orpiment,  257,  263 

Ortho-acids,    1^5 
antimonic  acid,  270 
antimonous  acid,  269 
arsenic  acid,  262 
boric  acid,  27^ 
carbonic  ether,  522 
compounds,       organic, 

595 
formic  ether,  522 

phosphoric  acid,  253 

silicic  acid,  297 
Osazones,  561,  613 
Oscillatory  motion,  23 
Osmiridium,  474,  479 
Osmium,  479 

compounds,  479 
Ossein,  700 
Osteolite,  367 
"  Ous  "  compounds,  134 
Oxalic  acid,  538 
Oxaluric  acid,  581 
Oxalyl   urea,  581 
Oxidation,  139,  244 
Oxides,  188 

Oxidizing   reactions,   196 
Oximcs,   524 
Oxindol,  639 
Oxyaldehydcs,  625 
Oxyanthraquinones,    645 
Oxy benzoic   acids,   631 
Oxybenzyl    alcohols,   624 
Oxybenzaldehyde,    oriho, 

625 
Oxybutyj-ic   acid,   538 
Oxycinnamic    acid,    635 
Oxycitric  acid,  544 
Oxygen,  185 

acids,   133 

active,  188 
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Oxygen    (continued) 

group,  206 
Oxyhsemoglobin,    698 
Oxyhydrogen     blowpipe, 

191 
Oxyhydroquinonc,  620 
Oxy naphthoic  acids,  643 
Oxypurine,  583 
Oxyquinolins,  651 
Ozone,  188,  707 


Palladium,  478 
Palmitic  acid,  533 
Palm  oil  group,  551 
Papain,    572 
Papaverine,  667 
Paper,    manufacture    of, 

569 
Parabanic   acid,   581 

Para      compounds,      or- 
ganic,  596 

Paracyanogen,  584 

Paraffin,  500.  301 
series,  497 

Paraffins,  halogen  deriv- 
atives, 505 

Paraffinum,  501 

Para-globulin,  696 

Para-leucaniline,   638 

Paraldehyde,  525 

Paraphenylene     diamine, 
611 

Para-rosaniline,  638 

Paris  green.  261,  413 
white,   371 

Pearlash,   319 

Pectase,  ^72 

Pelargotiic  acid,  533 

Pendulum,  the.  23 
compensating.   24 
electric,  03 

Pcnicillium  glanoutn,  573 

Pentahioses,   5rx) 

Pentamcthyletie      deriva- 
tives. 588 
diamine.    557 

Pontathionic    acid,   226 

Pentoses,    559 

Pepsin,  572 

Peptones.    572,   696 

Per,   134 

Percarbonates.    280 

Perchlorates,   204 

Perchloric    acid,    203 

Periclase,   380 

Periodic   acid,   205 
law,   the.  200 
system.  2f)9 
table,  the,  301 

Permanganic    acid,    458 
anhydride,   458 


Pcronin,  667 
Perseitol,  519 
Persulphates,        electro- 
lytic, 706 
Persulphuric  acid,  225 
Peru  balsam,  683 
Petalite,   334  1 

Petrolatum,    500 
Petrolatum  liquidum,  500 
Petroleum,    501 
Pewter,  267,  434 
Pharaoh's   serpents,   421,    1 

587 
Phellandrene,  674 
Phenacetin,  616 
Phenacite,  384 
Phenanthrene,   646 
Phenanthrenquinone,  647 
Phenetol,  617 
Phenocoll,  616 
Phenol,  615 

acids,   627,  631 

alcohols,  624 

aldehydes,  625 

sulphonic  acid,  616 
Phenols,  613 

diatomic,   617 

hexatomic,  620 

pentatomic,  620 

phthalein,  638 

tetratomic,  620 

triatomic,  619 
Phenose,  620 
Phenyl   acetic  acid,  629 

acetylene,   602 

dimethyl    pyrazolon, 
590 

ethyl   ether,  617 
ketone,  624 

ethylene,  602 

glycollic   acid,   633 

hydrazine.    613 

methyl   carbinol.  622 
ether,  617 

propyl   alcohol,   622 
ketone,   624 

propiolic  acid.  629.  631 

salicylate,  632 

nrethane,    579 
Phenylamine.   608 
Phenylis    salicylas,    632 
Phlopisten,  289 
Phlorein,    688 
Phloridzin.    688 
Phlorine    tetracide.    202 
Phloroghicinol,   619 
Plio'igene,  286 
Pluisphates,   255 

tests,   255 
Pliospliine,  240 
Pliosphines.    558 
Phosphites.    253 
Phospliomolybdic       acid, 

461 


Phosphor-bronze,   434 
Phosphorescence,  70 
Phosphoric  oxide,  253 
Phosphorus,   246 

bromides,  251 

chlorides,  251 

fluorides,  251 

hydrides,   249 

iodides,  251 

metallic  248 

oxides,  251 

oxybromide,  257 

oxychloride,    257 

pentachloride,    250 

pentoxide,  253 

red,  248 

scarlet,  248 

sulphides  of,  257 

thermo-electric,    709 

trichloride,   250 

trioxide,  251 

yellow.   247 
Phosphorite,    246,    367 
Phosphorous   oxide,    251 
Phosphorous  acid,  253 
Phthalein  group,   638 
Phthalic   acids,   629 

anhydride,  630 
Phycite.  517 
Physetolic  acid,  534 
Physics.    13 

Physostigminae    salicylas 
669 

sulphas,   669 
Physostigmine.   668 
Photo -chemical    reac- 
tions,  143 
Photometers,   71 
Photometry,   71 
Photosphere,  80 
Picolines,   648 
Picolinic  acid,   649 
Picric  acid,  615 
Picrotoxin,    691 
Pigments,    mineral    dec 

trolytic,  707 
Pilocarpinae     hydrochlo- 

ridum.  669 
Pilocarpine,    669 
Pinacones,   515 
Pinene,  672 

hydrochloride,    673 
Pinitol,  620 
Pinol,  676 
Piperazine,  557 
Piperic  acid,  669 
Pipcridine,       649,       657 

669 
Piperina,  669 
Piperine,  669 
Piperonal,  626 
Piperonyl    alcohol,   624 
Pitch-blcndc,    461 
Piturine.   658 


Pix   burgundica,   683 

liquida,  683 
Plane  polarization,  85 
Planes,    61 

Plaster  of  Paris,  366 
Plate,     conducting,     the, 

99 
generating,   the,  99 

Platinum,  474 

black,  476 

compounds,  477 

sponge,    160 

spongy,  474,   476 
Plattnerite,  440 
Plumbates,   440 
Plumb-line,    19 
Plumbi  acetas,  531 

iodidum,  440 

nitras,  441 

oxidum,  439 
Plumbum,  436 
Polariscope,  87 
Polarity,  magnetic,  88 
Polarization,  84,   99 

circular,   86 

electric,   100 

plane,  85 
Polarized  light,  uses  of, 

86 
Polarizer,  86 
Poles,  electric,  99 

magnetic,  88 
Pollax,  356 
Polonium,  462 
Polymcrism,  489 
Polyoses,  560 
Polysaccharides,    560 
Polysilicates,  297 
Polysilicic  acids,  298 
Polyterpenes,   671,  674 
Polythiomic    acids,    213 
Populin,   688 
Pores,    14 
Porosity,   14 
Potash,   319 
Potash  alum,  427 

caustic,  311 

prussiate,    red,   585 
yellow,    585 
Potashes,   303 
Potassa    sulphurata,   315 
Potassii   acetas,   531 

bicarbonas,  321 

bisulphas,  316 

bitartras,   542 

bromidum,  174,  307 

carbonas,  319 

chloras,  312 

chloridum,    307 

citras,   543 

cyanidum,   322,   584 

dichromas,    451 

et  sodii  tartras,  542 

ferrocyanidum,   585 
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Potassii    hydroxidum, 

311 
hypophosphis,   318 

iodidum,  jop,  180 
nitras,    316 
nitris,  318 
permanganas,  457 
sulphas,   315 
sulphis,    315 
Potassium,  303 
acetate,  531 
acid    sulphate,   316 

sulphite,  315 
arsenite,  261 
aurate,  407 
bicarbonate,  321 
bisulphate,  316 
bisulphite,   315 
bromate,  313 
bromide,  174^  307 
carbonate,    319 
chlorate,  312 
chloride,  307 
chromate,  451 
citrate,   543 
cyanate,  323,  586 
cyanide,  322^  584 
di chromate,  451 
disulphate,  acid,  316 
disulphite,   315 
ferrate,   468 
ferricyanide,  585 
ferrocyanide,  585 
fluoride,  307 
fluosilicate,  319 
guiacol  sulphonate,  618 
history   of,   303 
hydride,  306 
hydrosulphide,    314 
hydroxide,  311 
hypochlorite,    312 
hypophosphite,    318 
iodate,   314 
iodide,  309,   180 
isocyanate,    586 
lithium    sulphate,   355 
manganate,   457 
metaborate,  319 
metaphosphate,  318 
monosulphide,  341 
nitrate,    316 
nitrite,  318 
occurrence   of,   303 
oxide,  310 
perchlorate,  313 
permanganate,    457 
peroxide,  311 
preparation  of,  304 
properties   of,  306 
pyrophosphate,   318 
pyrosulphate,    316 
pyrosulphite,    315 
silicate,    319 
sodium  tartrate,  542 
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Potassium    suboxide, 

311 

sulphate,   315 

sulphite,  315 

sulphides,  314 

sulphocyanate,  323,  587 

sulphurated,  315 

tartrate,  542 
acid,    540 

tetrasilicate,  319 

thiocyanate,    323 

tri-iodide,    310 
Potential,    electric,    99 

electrical,  92 
Pottery,  428 
Praseo-dymium,    431 
Precipitate,  red,  419 
Prepared  chalk,  370 
Press,    hydraulic,    29 
Pressure,  calculations  of, 
156 

boiling-point,   64 

critical,    36 

downward,   30 

electrical,    102 

lateral,   31 

standard,  yj 

upward,    30 
Prism,  Nichols',  85 
Prisms,   74 
Proof  spirit,  577 
Propane,   500 
Propargyl  alcohol,  515 
Propenyl  glycerol,  516 
Prophyl  alcohols,  513 

pyridines,  648 
Prophylamine,   556 
Propiolic    acid,    535 

nitro  phenyl,  631 
Propionic  acid,  532 
Proportions,  definite,  law 
of,    147 

multiple,   law   of,   148 
Propylene,   502 
Protagon,   691 
Proteids,   692,   698 

color    reactions,    693 

peptonizing,  696 

reagents,   692 
Proto,    134 

Protocatechuic  acid,  633 
dimethyl  ether,  633 
methyl-ether,  633 

aldehyde,  625 
Protoveratridine,    668 
Protoveratrine,    668 
Prussian  blue,  585,  708* 
Prussic  acid,  584 
Pseudojervine,  658 
Psilomelane,   374 
Ptomaines,  654,  669 
Ptyalin.  571  J 

Puddling-process,   464         I 
Pulegone,   676  ' 
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Puinp,   air,   43 

Bunsen,  43 

condensing,  44 

mercury,  43 

Sprengel,  43 
Pumps,  suction,  44 

water,  44 
Pupil,  eye,  83 
Purine,  582 
Purpurtne,  646 
Putrescine,  557,  6/0 
Putty   powder,   435 
Pyrazol,  590 
Pyridine,    647,    648 

carboxylic    adds,    649 
Pyrite,  463 
Pyrites,   470 

arsenical,  257 
Pyro-acids,  135 
Pyro-antimonic   acid, 

268 
Pyro-arsenic    acid,    262, 

263 
Pyroboric   acid,   274 
Pyrocatechin,   618 

methyl-ethers,  618 
Pyrogallic  acid,  619 
Pyrogallol,   619 
Pyrolusite,  453,  454 
Pyrometers,   54 
Pyromucic  acid,  590 
Pyrophosphates,  256 

tests,  256 
Pyrophosphoric  acid,  255 
Pyroracemic  acid,  544 
Pyrosulphuric  acid,  223 
Pyrotartaric   acid,   539 
Pyroxylin,   568 
Pyrrol.    589,   390 


Quanti  valence,  127 

Quartz,  294,  2^6 

Quassin,    691 

Qiiercitol,   620 

Qiiercitrin,    688 

Quicksilver,    413.   415 

Qiiinaldinc,  651 

Quinaldinic  acid,  652 

Qiiinic  acid.  634.  652 

Quinidine,  664 
sulphate,  664 

Quinina,    662 

Quininne    bisulphas,     663 
hydrobromidum,    663 
hyrirochloridum,    663 
salicylas,   664 
sulphas,   663 

Quinine,    662 
alkaloids,  661 
hydrobromide,    66ji 
hydrochloride,  663 


Quinine     salicylate,    664 

sulphate,   663 
acid,  663 
Quinoidine,   665 
Quinol,  618 
Quinoline,  651 

carboxylic  acids,  652 
Quinoline   bases,   650 

hydrides   of,   651 

salts,   651 

yellow,  651 
Quinolinic  acid,  649 
Quinone,  621 

tetrachlor,    621 
Quinones,  620 
Quinotropin,  634 


Racemic  acid,  542 
Radiant  heat,  do 
Radiation,    heat,    67 
Radicals,  491 

compound,   130 
Radium,  461 
Raffinose,  564 
Rape  oil  group,  550 
Rational    formulae,     129^ 

490 
Ray,    extraordinary,    84 

ordinary,  84 
Rays,  actinic,  70,  143 
Reaction,     Adamkiewicz, 

693 
biuret,    693 

chemical,    140 

Liebermann's,  693 
Reactions,    anal)rtic,    122, 
141 

metathetical,    141 

oxidizing,    198 

photochemical.    143 

reciprocal,    142 

reducing,    161 

reversible,    142 

secondary,    145 

synthetic,   122,   141 
Reagent,     DragendorfTs, 

655 

Hager's,  655 

Marme's,   655 

Millon's,    693 

Meyer's,  635 

Scheibler's,  655 

Sonnenschein's,    655 

Wagner's,  655 
Reagents,  alkaloidal,  655 
Realgar,    257,    263 
Reamur  thermometer,  51 
Reciprocal  reactions,  142 
Rectified    spirit,    577 
Red    lead.   439 

precipitate,  419 


Red,  turkey,  645 
Reduced  iron,  ^ 
Reducing  reactions,  161 
Reduction,   139 
Reflected  motion,   22 
Reflection  of  light,  72 

total,   74 
Refraction,  angle,   74 

double,  84  > 

index,   74 

of  light,  73 
Refrigeration,  60,  63 
Regelation,    59 
Regular  system,  61 
Reinsch's  test,  265 
Rennin,   572 
Repulsion,   magnetic,  89, 

molecular,  21 
Resenes,  681 
Residues,  131,  491 
Resin  acids,  681 

esters,  681 
Resinols,  681 
Rcsino-tannols,  681 
Resins,  the,  681 

true,  681 
Resistance,  electrical,  102 
Resonance,  47 
Resorcin,   618 
Rcsordnol,  618 
Rests,  131 
Retina,   83 

Reversible  reactions,   142 
Rhamnitol,  518 
Rhamnose,   559 
Rhodinol,   617,   680 
Rhodium,    478 
Rhombic  system,  62 
Ribose,   559 
Ricinoleic    acid,    535 
Rinmann's  green,  473 
Rochelle  salt,  542 
Roentgen  rays,  113 
Rosanilines,    638 
Rose's   fusible  metal.   58 

metal,  446 
Rosin,  681 
Rosin  oil,  682 
Rosolic  acid  group, 

638 
Ruberythric  acid,  68q 
Rubidium,  356 
Ruby,  the,  426 
Ruhmkorff  coil,  the,   112 
Rum.   577 
Ruthenium,  478 
Rutile.  443 


Saccharine,  628 
electrolytic,   711 
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Saccharomyces,   varieties 

of,  573 
Saccharum,    562 

lactis,    563 
Safrol,   619,    680 
Safrolum,  680 
Sagapenum,  684 
Sake,  Japanese,  573 
Sal  alembroth,  417 

ammoniac,    348 

ammonium   fixum,  359 

Anglicum,  381 

mirabile,   332 
Salicin,  689 
Salicyl  alcohol,  624 

aldehyde,  62s 
Salicylic    acid,    dioxido, 
632 
methyl,    oxymethyl 
ester,    632 
Salicylic  acids,  631 
Saligenin,  624 
Salipyrin,  591 
Salol,  632 
Salophen,   632 
Salt  of  tartar,  319 
Saltpetre,    175,  316 
Salts,    137 

acid,   138 

basic,    i^ 

dissociation  of,   138 

double,  138 

efflorescent,    194 

hydrogen,   138 

hygroscopic,  194 

neutral,  138 

normal,  137 
Salufer,  340 
Samarium,  431 
Samarskite,  431 
Sandarac,  682 
Santalin,  691 
Santalol,  686 
Santonic  acid,  691 
Santonin,  691 
Santoninum,  691 
Saponin,  689 
Sapphire,  the,  426 
Sarcine,   583 
Sarcosine,  536 
Scammonium,  684 
Scandium,  431 
Scheele's  green,  261,  413 
Scheelite,    461 
Scheibler's  reagent,  655 
Schlippe's  salt,  271 
Schoenite,  303,  j/5 
Schweitzer's  reagent,  567 
Science,  13 

Sclerotic  coating,  the,  83 
Scopolaminae     hydrobro- 

midum,   660 
Scopolamine,  660 
Sea  water,  197 


Sebacic  acid,  539 
Second,  the,  16 
Selenic  acid,  227 
Selenite,   358 
Selenium,   22) 

allotropic,   227 

chlorides,  227 

dioxide,  227 
Selenious    acid,    227 
Sellaite,  380 
Senarmontitc,    266 
Senegin,  689 
Serpentine,   378 
Serum  albumin,  695 
Serum  globulin,  696 
Sesqui,  135 

Sesquiterpenes,   671,   674 
Shadow,  71 
Shellac,    682 
Siderite,  463,  469 
Sidonal,  634 
Siegnette's  salt,   542 
Siemens*  armature,   117 

ozone  tube,   189 
Silica,   296 
Silicides,    296 
Silicon,   294 

bromides,  295 

bromoform,  295 

carbide,    280 

chlorides  of,  295 

chloroform,  295 

dioxide,  296 

hydride,    295 

iodides,  295 

tetrafluoride,  295 

varieties  of,  294 
Silk,  700 
Silver,    395 

alloys,  399 

ammonio-chloride,   400 
nitrate,   403 
oxide,    401 

bromate,    402 

bromide,  400 

carbonate,  404 

chlorate,   402 

chloride,  400 

colloidal,  399 

cyanide,   585 

electroplating,  399 

fineness  of,  399 

fluoride,  401 

fulminating,   402 

iodide,  400 

molecular,   399 

nitrate,  402 
fused,  403 

oxide.  401 

oxidized,  404 

peroxide,  402 

phosphate,  404 

pyrosulphate,  402 

suboxide,  401 


Silver    sulphate,   402 
acid,  402 

sulphide,  404 

sulphite,  402 

thiosulphate,  402 
Sinalbin,  689 
Siphon,  44 

Sixe,  thermometer  of,  53 
Skatol,   640 
Smithsonite,   385 
Soap  making,  552 
Soaps,  hard,  552 

soft,  552 
Soda   chlorinated,  330 

cryolite,  345 

electrolytic,  344 

native,  341 
Sodii  acetas,  531 

arsenate,  262 

arsenas   exsicatas,   262 

benzoas,  628 

hicarbonas,  346 

bisulphis,  332 

boras,  338 

bromidum,  327 

carbonas     monohydra- 
tas,  340 

chloras,  330 

chloridum,  325 

citras,    543 

hydroxidum,  329 

hypophosphis,   337    \ 

iodidum,   328 

nitras,   334 

nitris,  335 

phenolsulphonas,   616 

phosphas,  336 
exsiccatus,  337 

pyrophosphas,  337 

salicylas,   631 

sulphas,  332 

sulphis,  332 

thiosulphas,  225,  333 
Sodium,  323 

acetate,  531 

arsenate,    262 
exsiccated,  262 

benzoate,   628 

bicarbonate,  346 

bichromate,  452 

bisulphate,  332,  333 

borate,  338 

bromate,  331 

bromide,  327 

carbonate,  323,   340 
acid,  346 
dried,  346 

chlorate,  330 

chloraurate,  406 

chloride,   325 

chromate,  452 

citrate,  543 

dichromate,  452 

dioxide,  328 
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Sodium    (continued) 

fluoride,  325 

fluosilicate,   340 

hydride,  325 

hydroxide,  329 

hypochlorite,  330 

hypophosphite,   337 

hyposulphite,  331 

iodate,  331 

iodide,  328 

metaborate,  339 

metallic,  324 

metaphosphate,  337 

monoxide,  328 

nitrate,  334 

nitrite,  335 

nitroprusside,  586 

orthoborate,   339 

orthophosphate,   336 

oxide,  328 

perborate,  339 

permanganate,  458 

peroxide,  328 

phenol  sulphonate,  616 

phosphate,   336 

pyrophosphate,   337 

salicylate,    631 

silicates,  339 

sulphantimonate,  271 

sulphate,  332 
acid,  333 

sulphite,  332 
acid,  332 

thiosulphate,    225,    333 
Solanin,  689 
Solder,    434,    439 
Solids,   expansion  of, 

54. 
solution  of,  59 

specific   gravity   of,   33 

structure  of,  27 
Solubility,   coefficient,   59 

rules   for,   141 
Solution,    59 

chlorinated   soda,  330 

chlorine,    165 

ferric  chloride,  467 

ferric   sulphate,  469 

Fowler's,    261 

hydroxide,   312 

iodine  co.,    177 

Labarraque's,    330 

magnesium    carbonate, 

384 
Mayer's,  418 

mercury,    nitrate,    420 
Monsers,    469 
of  lime,  362 
potassium  arsenite,  261 

hydroxide,    312 
sodium  hydroxide,  330 
zinc  chloride,  388 
Solutions,    saturated,   50 
unsaturated,    59 


Solvay  ammonia  soda 

process,  344 
Sombreritc,  367 
Somnal,   579 
Sonnenschein's     reagent, 

655 
Sorbitol,   518 

Sound,  46 

musical,  46 

propagation  of,  47 

velocity  of,  47 

waves,  46 
Soziodol,   617 
Sozolic    acid,   616 
Sparteine,   658 
Spathic  iron,  469 
Speaking-tubes,   47 
Specific  gravity,  32 

heat,   56 
Spectroscope,  79 
Spectrum,   70,   77 

absorption,  80 

analysis,  79 

continuous,  80 

diflPractive,  77 

prismatic,  77 
Specular  iron,  463 
Speculum-metal,  434 
Speiss-cobalt,  472 
Spermaceti,  547 

group,  551 
Sperm  oil  group,  551 
Spherical    aberration,   81 
Spiegeleisen,  454,  464 
Spigeline,  658 
Spinel,  427 
Spirit-level,    31 

proof,  577 

rectified,   577 
Spirits,  ardent,  576 
Spiritus    i^theris    comp., 

521 
nitrosi,  545 

ammoniae,  236 

frumenti,  577 

glycerylis    nitratis,    546 

salis,  166 

vini   gallici,   577 
Spodumene,    354 
Spongin,    700 
Sprengel  pump,  43 
Stannic   chloride,   434 

acid,  435 

hydroxide,  435 

oxide,  435 

sulphide,    435 
Stannous   chloride.   434 

hydroxide,    435 

oxide,   434 

sulphide,   435 
Stannum,   433 
Starch,    manufacture    of, 

569 
soluble,   565 


Starches,  564 
Static  electricity,  92 
Steapsin,    572 
Stearic  acid,  533 
Steatite,  297 
Steel,  465 

crucible,  465 
Stethoscope,  47 
Stibine,  i&7,  558 
Stibium,  266 
Stibnite,  266 
Stochiometry,  152 
Stops,  lens,  81 
Storage  batteries,  104 
Storax,  683 
Storesin,  6B3 
Strontianitc,  371 
Strontii    bromidum,    372 

iodidum,  372 

salicylas,  631 
Strontium,  371 

bromide,  372 

carbonate,  373 

chloride,  371 

dioxide,  373 

hydroxide,  373 

iodide,   372 

monoxide,  373 

nitrate,   373 

salicylate,  631 

sulphate,  373 
Structural  formulae,   129, 

488,   490 
Strychninae,  665 

nitras,  665 

sulphas,  66s 
Strychnine,    665 

nitrate,  665 
Styrax,  602,   683 
Styrene,  602,  622 
Sub,   134 

Suberic   acid,   539 
Sublimation,  62 
Subscript,   125 
Succinic  acid,  539 
Sucrol,  580 
Sucrose,  562 
Suint,  304,  S^ 
Sulphamid   benzoic   acid, 

628 
Sulphanilic   acid,  609 
Sulphates,  223 
Sulpho-alcohols,   522 
Sulpho-arsenates,   263 
Sulpho-arsenites,   263 
Sulphocarbonic  acid,  293 
Sulphocyanic  acids,  586 
Sulpho-ethers,  522 
Sulphonals,   522 
Sulphomethanum,    523 
Sulphonal,  523 
Sulphones,  522 
Sulphon-ethyl   -  methan- 

um,    523 
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Sulpho-vinic    acid,    546 
Sulphides,  211 
Sulphites,  216 

detection  of,  217 
Sulphur,    206 

acids  of,  213 

allotropic,   208 

bromide,  212 

chlorides  of,  212 

dioxide,  214 

flowers  of,  209 

group,  206 

heptoxide,  225 

iodides  of,  212 

lotum,  209 

milk  of,  209 

oxides  of,  213 

precipitatum,  209 

sesquioxide,  213 

trioxide,  217 

waste,  207 
Sulphurated  lime,  365 
Sulphurea,  580 
Sulphuretted      hydrogen, 

209 
Sulphuric   acid,   218 

anhydride,   217 

oxide,  217 
Sulphurous  acid,  216 

anhydride,   214 

oxide,   214 
Super,  134 
Swedish   green,   413 
Swedish  match,  248 
Sylvestrene,  674 
Sylvite,  303,  304,  307 
Synaptase,  572 
Synthetic   reactions,   122, 

141 
Syntonin,   696 
System,  hexagonal,  62 

monoclinic,  62 

regular,  61 

rhombic,   62 

tetragonal,  61 

triclinic,  62 


Tachydrite,    359 
Talc,  378 

Tallow   group,   551 
Tannic   acid,   634 
Tannin,  634 

acetyl,   634 
Tannoform,    634 
Tantalum,  448 
Tartar    emetic,    542 
Tartaric    acid,    540 
Tartronic  acid,  540 
Tautomerism,  490 
Telegraphy,    109 

submarine,    1 10 


Telegraphy,  wireless,  11 1 
Telephone,  114 
Telescopes,  82 
Telluric  acid,  228 
Tellurous  acid,  228 
Tellurium,  228 
Temperature,  absolute,  56 

critical,   36 

effect   on  volume,   156 

measurement,  51 

standard,  37 
Tenacity,  26 
Tension,  35 

vapor,   63,  64 
Terbium,  431 
Terebene,  673 
Terebenum,  673 
Ternary  acids,   133 

compounds,   132,  133 
Terpenes,  the,  671 
Terphthalic  acid,  631 
Terpin  hydrate,  673 
Terpinene,  674 
Terpineol,  673,  676 
Terpini  hydras,  673 
Terpinolene,  674 
Tetraboric  acid,  274 
Tetrachlorquinone,    621 
Tetragonal  system,  61 
Tetrahydrogen      calcium 

phosphate,   368 
Tetraiodophyrrol,    590 
Tetramethyl    ammonium 
iodide,  556 

benzene,  601 

hydroxide,   556 
Tetramethylene,    588 

diamine,  557 

dicarboxylic   acid,    588 
Tet  rath  ionic  acid,  226 
Tetrolic  acid,  535 
Tetronal,   524 
Tetroses,   559 

salts,   432 
Thalleioquin   test,  662 
Thallium,   432 

salts,   432 
Thebaine,   667 
Theine,   583 
Thenard's  blue,  473 
Thenardite,  t^^^^ 
Theobromine,  583 
Theocin,  583 
Theophylline.   583 
Thermal    unit,   56 
Thermin,  642 
Thermo-chemistry,    56 
Thermometer,  air,  53 

alcohol,  53 

clinical,  53 

fever,  53 

maximum,  52 

metallic,  53 

minimum,   52 


Thermometers,  51 
Thermopile,  119 
Thiocarbonic  acid,  293 
Thiocol,  618 
Thio-ethers,   522 
Thiophene,  589,  590 

di-iodide,   590 
Thiosinamine,  580 
Thiosulphates,  224 
Thiosulphuric   acid,    224 
Thio  urea,  580 
Thorium,  444 
Thujonc,  67(5 
Thymol,  617 

di-iodide,  617 
Thymolis  iodidum,  617 
Tiglic  acid,  534 
Time,  unit  of,  16 
Tin,   433 

alkyls,    558 

butter  of,  434 

chlorides  of,  434 

group,  433 

hydroxide  of,  435 

oxide,  435 

oxygen  salts  of,  435 

phosphides,  435 

salts,  434 

sulphides,  435 
Tincal,  272,  338 
Tincture    fern    chloridi, 

467 
Tincture  ferric  chloride, 

467 

iodi,   177 
Tinfoil,  434 
Tinned-plate,  434 
Tinstone,  433 
Titanium,   443 

salts  of,  444 
Toepler-Holtz     machine, 

95 

Tolene,  683 

Tolu  balsam,  683 
Toluene,  601 

dioxy,  619 

sulphonic   acids,   605 
Toluic  acids,  629 
Toluidines,  610 
Toluol,  601 
Toluquinoline,   651 
Tolyl  alcohols,  622 

dimethyl        pyrazolon, 

591 
Tolypyrin,  591 

salicylate,  591 
Tolysal,   591 
Tone,  pitch  of,  48 
Torricellian   tube,   40 

vacuum,    40 
Tourmaline  plates,  86 
Tragacanth,    567 
Transformers,  118 
Translatory   motion^  at 
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Transluccncc,  71 

Transparence,  71 

Triacetamide,  558 

Triacetin,   548 

Triamido  benzene,  611 

Triamines,  aromatic,  611 

Triarachin,  549 

Tribenin,   549 

Tributyrin,  548 

Tribrom   phenol,  615 

Tricaprin,  549 

Tricapronin,  549 

Tricarballylic   acid,   540 

Trichloracetic    acid,    536 

Trichloraldehyde,    525 

Trichlor  phenol,  615 

Triclinic   system,  62 

Tricoprylin,  549 

Tridoeglin,  549 

Trierucin,   549 

Triethylamine,  557 

Tri-isovalerin,  548 

Trilaurin,   549 

Trilinolein,   549 

Trimesic  acid,  630 

Trimethylamine,    556 

Trimethyl-vinyl    ammo- 
nium hydroxide,  557 

Trimethylene,  588 
carboxylic   acid,   588 
diamine,   557 

Trimethyl    benzene.    601 
xanthine,  583 

Trimyristin.  549 

Trinitro  phenol,  615 

Triolein,  549 

Trional,   523 

Trioses,   559,  560 

Trioxyanthraquinone, 
646 

Tripalmitin,    549 

Triphcnylaniine,    6tt 

Triphenyl    carbinol,    638 
methane,  637 
dyes,   638 
nitro  derivatives,  638 

Tri   -  potassium     ortho- 
phosphate,   318 

Triricinolein,    550 

Trisaccharides,   560 

Trisilicic  acids,  298 

Trisodium        orthophos- 
phate,   s:^6 

Tristearin,   549 

Trithionic   acid,    226 

rrop.Tr)lincs,    613 

Tropeines.    artificial,    660 

Tropic    acid,    633 

Tropiiic,   650,   659 

Trumpets,    47 

Tungsten,   461 

Tunicin,   568 

Turkey  red,  645 
Turpeniin^^,  672,  683 


Turpeth  mineral,  419 
Turquoise,  428 
Type-metal,   267,   439 
Tyrosine,   632 
Tyrotoxicon,  670 


U 

Ulexite,  338 
Ultramarine,    430 

yellow,   452 
Umbellic  acid,  635 
Umbel  liferon,  635 
Unguentum     hydrargyri 

nitratis,   420 
Unit,   thermal,   56 
Uraline,  579 
Uranite,  461 
Uranium,   461 

carbide,   281 

chlorides,  461 

oxides,   461 
Urates,    5& 
Urea,    580 
Urease,  572 
Ureides,  581 
Urethane,  ethyl,  579 
Uric  acid,  582 
j     Urotropin,  557 

quinate,  634 


Vacuum,  Torricellian,  40 

Valence,  symbols  of,  128 

Valency,    127 
variations  in,   129 

Valeric  acids,   532 

Vanadium,  448 

Vanillic  acid,  633 

Vanillin,    625 
alcohol,   624 

Vapor    density,    determi- 
nation of,  485 
tension,   6.?,   64 

Vaporization,   62,  63 
cold  by,  65 

Vapors,    34 
condensation    of,   66 

Varec,    175,   340 

Velocity,    17 

Veratric  acid,  633 

Veratroidine.    668 

Vcratrol,    618 

Veratniin    alkaloids,    668 

Verdigris.  413,  532 

Verniilion,  421 

Vibration  frequencies,  69 

Vibrations,  46 

Vibrator,   the,    112 

\'ictor    Meyer's    appara- 
tus, 486 


Victoria  orange,  617 
Vinegar,  577 
Vinyl  alcohol,  514 
Vitellin,   695,   697 
Vitellins,  plant,  695 
Vitellus,    695 
Vitriol,  double,  411 

green,    468 

pink,   459 

white,  391 
Vivianite,  463 
Volatile  oils,  677 
Volt,  the,   102 
Voltaic  cell,  the,  98 

electricity,  98 

induction,  in 
Voltameters,   107 
Volume,  IS 

calculations  of,   156 

combination,    laws    of, 
148 

units   of,   16 
Vulcanizing,  675 


W 

Wagner's  reagent,  655 

Water,  190 
composition  of,  191 
densities,  55 
distilled,   194 
expansion  of,   55 
formation  of,  190 
gas.    284 
glass,  297,  340 
hardness  of,   195 
of   constitution,    193 
of    crystallization, 

193 
properties   of,    191 

sea,  197 

Waters,    hard    and    soft, 

195 

mineral,   196 

natural,    194 

potable,    195 
Wavellite,  428 
Waves,  light,  69.  70 
Waxes,  551 
Weight,    16.    19 

absolute,   21 

apparent,   21 

atomic,    124 

molecular.  125 

unit   of,    19 
Weldon    process,    164 
W^elsbach      burner,      the, 

43 1 
Whale  oil  group,  551 
Wliiskey.    577 
White,   Dutch,  443 

Hamburg.  443 

lea<l,  441 
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White     lead    precipitate, 

421 

fusible,  421 

vitriol,  391 
Whiting,  371 
Wines,  576 

Wireless  telegraphy,  11 1 
Wismuth,  444 
Witherite,   374 
Wolfram,   461,   463 
Wolframite,    461 
Wollastonitc,  369 
Wood  ashes,  319 

tar,  683 
Wood's  metal,  58,  446 
Wool   ashes,   320 
Work,    17 
Wrought   iron,  464 
Wulfenite,  460 
Wurtzite,    392 


Xanthine,  582 
Xanthogenic  acid,  578 
Xanthophyll,  690 
Xanthopoteic  acid,  693 
Xanthorhamnin,  689 
Xanthorrhaea   resin,  682 
Xenon,  232,  233 
Xeroform,  615 


Xonotlite,   369 

X-rays,   113 

Xylene    sulphonic    acids, 

105 
Xylenes,   601 

Xylenols,  617 
Xylidines,    610 
Xylinol,   518 
Xylose,  559 
Xylylic  acids,  629 


Yellow,  Martin's,  642 

naphthol,  642 

Naples,    270 
Ytterbium,  431 
Yttrium,    431 


Zero,  absolute,  56 

Zinc,  385 
acetate,    532  . 
alkyls,   558 
arsenate,  391 
arsenite,  391 
blende,  385 
bromide,  389 


Zinc  carbonate,  392 

chloride,   388 

dioxide,   390 

hydroxide,    390 

hypophosphite,   391 

iodide,    389 

nitrate,   391 

oxide,    390 

permangranate,    458 

peroxide,  390 

phosphate,  391 

phosphide,   392 

silicate,  392 

sulphate,   391 

sulphide,  392 

valeras,   533 
Zincates,  390 
Zinci  acetas,  532 

bromidum,  389 

carbonas    praecipitatus, 
392 

chloridum,  388 

iodidum,  389 

oxidum,  390 

phenolsulphonas,    616 

sulphas,   391 
Zincite,  3^5 
Zincum,  387 
Zircon,  297 
Zirconium,  444 
Zymase,  571 
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